Impact of temperature and indoor environmental quality in nursing homes on thermal comfort of occupants and agitation of residents with dementia by Tartarini, Federico
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
2017+ University of Wollongong Thesis Collections 
2017 
Impact of temperature and indoor environmental quality in nursing homes 
on thermal comfort of occupants and agitation of residents with dementia 
Federico Tartarini 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses1 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Tartarini, Federico, Impact of temperature and indoor environmental quality in nursing homes on thermal 
comfort of occupants and agitation of residents with dementia, Doctor of Philosphy thesis, Faculty of 
Engineering and Information Sciences, University of Wollongong, 2017. https://ro.uow.edu.au/theses1/
128 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 
 
 
IMPACT OF TEMPERATURE AND INDOOR ENVIRONMENTAL QUALITY IN 
NURSING HOMES ON THERMAL COMFORT OF OCCUPANTS AND AGITATION OF 
RESIDENTS WITH DEMENTIA 
A thesis submitted in fulfilment of the 
requirements for the award of the degree 
 
DOCTOR OF PHILOSOPHY 
 
from 
 
UNIVERSITY OF WOLLONGONG 
 
by 
 
FEDERICO TARTARINI 
BEng, MSc(Eng) 
 
SUSTAINABLE BUILDINGS RESEARCH CENTRE 
FACULTY OF ENGINEERING AND INFORMATION SCIENCES 
 
June 2017 
i 
 
Certification 
I, Federico Tartarini declare that this thesis, submitted in fulfilment of the requirements for the 
award of Doctor of Philosophy, in the Sustainable Buildings Research Centre, University of 
Wollongong, is wholly my own work unless otherwise referenced or acknowledged. The 
document has not been submitted for qualifications at any other academic institution. 
Federico Tartarini 
20th June 2017 
ii 
 
Acknowledgements 
This thesis would not have been possible without the support, advice, and guidance of many 
people who helped me along this long and difficult journey.  
I would like to thank my supervisors, Prof Paul Cooper and Prof Richard Fleming, for having 
given me the opportunity to undertake my PhD and for their continued guidance and support to 
complete this thesis. Without their vision, insight, and support I would not have been able to 
complete this PhD. I would like to express my uttermost gratitude to Prof Paul Cooper for 
constantly guiding me through this PhD, one of the most important chapters of my academic 
career, and for believing in me and constantly pushing me to improve the quality of my work. I 
would like to thank Prof Richard Fleming for helping me to look at problems from a perspective 
which had been previously unknown to me, and to apply my engineering knowledge to improve 
the wellbeing of people who are living with dementia.  
I would like to take a moment and express my gratitude towards my girlfriend Neeka who has 
been on my side throughout this journey and has always willingly helped help me in whatever 
way she could. I would like to take this opportunity to thank her for supporting and 
understanding me, for the good food that she loved to prepare and of course for her never 
ending belief in me, which often gave me confidence to deal with complex situations. With her 
on my side I always felt at home despite being on the other side of the world to my birthplace. 
I am deeply indebted to my parents Davide and Elisa, my siblings Elena and Lorenzo, and my 
grandparents Doretta, Nerina, Arturo and Natale, without whose help, and never ending support 
and encouragement, I would not have been able to achieve all that I have. I would like to 
express my sincere gratitude to each of them for all that they have done for me and continue to 
do for me. I truly believe that each of them has played an integral part in shaping who I am 
today.  They never questioned my dreams but they always found ways to support them. La cosa 
più difficile di questo dottorato è stata essere lontano da voi, ma nonostante l’enorme distanza 
che ci seprata, durante questi tre anni mi siete sempre stati accanto. Senza il vostro aiuto non 
sarei mai riuscito a raggiungere questo traguardo e non sarei la persona che sono. Grazie per i 
vostri innumerevoli consigli, per aver creduto in me e grazie per avermi aiutato a coronare i 
miei sogni. 
My friends from Prunaro, I thank them for having given me numerous beautiful memories from 
the amazing times we spent together. I have travelled to many places in the world and met many 
iii 
 
people but they are always in my heart and I hope our friendship will last forever. I would 
especially like to say a special thank you to Frenk. I will always cherish the amazing times we 
have had together. 
I will remain forever grateful to my colleagues and friends at the SBRC team for their friendship 
and advice throughout the course of the PhD. 
I would also like to thank Warrigal and the University of Wollongong for financially supporting 
my research. 
I am also extremely grateful to all the nursing home staff who helped me in collecting data, and 
to all the people who agreed to participate in my field studies. 
Finally, I would like to thank Australia and the wonderful Wollongong region. I have been 
blessed to have had the opportunity to live in this amazing place. Australia is truly a land of 
opportunities with astonishing beaches and landscapes, wildlife, people and weather.  

v 
 
Abstract 
Driven by an unprecedented increase in life expectancy, for the first time in human history most 
people can expect to live into their 60s and beyond (WHO, 2015). This demographic shift is 
affecting all countries, including Australia, and it will have profound implications for our 
society in the future. As the population ages, the number of people who are likely to experience 
health problems and chronic diseases is also projected to increase. Although dementia is not a 
natural part of ageing, there is a strong relationship between age and dementia, therefore, the 
number of people with dementia is expected to rapidly increase over the coming decades. At 
present there is no cure for most forms of dementia, and symptoms of dementia are usually 
progressive in nature and are irreversible (AIHW, 2012a). Providing appropriate support for 
people with these conditions and their caregivers is vital. Nursing homes need to ensure that 
people experiencing a decline in their capabilities receive the appropriate level of care so that 
they can live comfortable and dignified lives.  
It is generally believed that residents of nursing homes spend the majority of their day indoors 
and that many of them depend on their environment to compensate for the physical and 
cognitive frailties associated with their conditions. Hence, it is necessary that nursing homes 
provide supportive living environments for residents which enhance their health and wellbeing. 
However, there has been a lack of clear evidence and understanding as to how older people and 
people with dementia perceive their indoor environment. While a comfortable environment is 
shown to contribute positively to their health and wellbeing, limited quantitative evidence is 
available on how thermal discomfort affects behavioural and psychological symptoms of people 
with dementia.  
The primary aim of this research was, therefore, to understand and quantify the impacts of 
Indoor Environmental Quality (IEQ) factors on perceptions and comfort of all building 
occupants and agitated behaviours of residents in nursing homes. All building occupants (staff 
members, volunteers, residents and visitors) were included in the study since a well-designed 
facility should provide comfortable thermal conditions to all building users. 
The research was carried out in six case study nursing homes, which ranged in age from 9 to 62 
years since the date of construction, and were all located in the state of New South Wales, 
Australia. 
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Firstly, the quality of the indoor environment in the six case study nursing homes was assessed 
through a range of methods including spot measurements, audits and longer-term monitoring of 
indoor air temperature and relative humidity for more than a year.  
Secondly, a non-intrusive methodology to assess agitation and indoor environmental quality 
parameters in nursing homes was developed to determine the impacts that IEQ factors have on 
agitated behaviours of residents of nursing homes. 
To further understand and quantify the specific impact that the thermal environment has on 
frequency and disruptiveness of agitated behaviours in people with dementia a longitudinal 
prospective cohort study was then conducted in one case study facility.  
A cross-sectional study was conducted in five case study facilities to determine how occupants 
of nursing homes perceive their indoor environment. Results showed that some of the accredited 
Australian nursing homes failed to provide a fully supportive environment for occupants in 
terms of thermal comfort throughout. Nursing homes, especially those that were not equipped 
with air-conditioning units were found to be cold in winter and hot in summer, sometimes 
exposing residents to temperatures higher than 30°C and lower than 15°C.  
In general nursing homes are often relatively noisy environments and this was also the case for 
the case studies here. In addition, not all the indoor areas were properly lit and some dementia 
residents were living in non-purpose-built facilities.  
The frequency and disruptiveness of agitated behaviours was found to significantly increase 
when residents were exposed to uncomfortable thermal comfort conditions. A statistically 
significant correlation was found between the cumulative exposure of residents to temperatures 
lower than 20°C and higher than 26°C and agitation. This finding highlights the fact that 
provision of proper thermal care can effectively be considered as a non-pharmacological 
treatment of behavioural and psychological symptoms of dementia.  
Finally, the cross-sectional study provided quantitative evidence on how occupants of nursing 
homes perceive their indoor environment. Results showed that residents were more tolerant of 
temperature variations than non-residents. All occupants effectively changed the level of their 
clothing insulation, and used the ceiling fans provided to compensate for otherwise 
uncomfortable thermal comfort conditions. The conventional Predicted Mean Vote (PMV) 
index of thermal comfort was found to underestimate the whole body thermal perception of both 
residents and non-residents. 
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This study has practical implications for aged care providers, building designers, and staff 
members; and even the Australian Aged Care Quality Agency, the independent body 
responsible for managing the accreditation of Commonwealth Government funded nursing 
homes. This thesis provides quantitative evidence on the quality of the indoor environment of 
six Australian nursing homes and on how IEQ impacts on perceptions and comfort of occupants 
in nursing homes. Results showed that the exposure of residents to temperatures outside their 
comfort range did not only have a negative impact on their comfort but also negatively affected 
their agitated behaviours, hence, nursing homes should be built and operated so as to focus on 
the occupants’ needs. Another important implication is that minimum thermal comfort and IEQ 
performance prerequisites for nursing homes should be developed and enforced, and National 
guidelines should be developed to help aged care providers to better understand how to operate 
their buildings and ensure that nursing homes provide high standards of care to residents while 
providing comfortable indoor environments to all occupants.  
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Glossary 
A/C Air conditioning 
Agitation Inappropriate verbal, vocal, or motor activity that is not judged by an 
outside observer to result directly from the needs or confusion of the 
agitated person (Cohen-Mansfield and Billing, 1986). 
Agitation, 
disruptiveness 
The degree to which the behaviour affects caregivers and others who come 
into contact with an individual (Cohen-Mansfield, 2008). 
ASHRAE American Society of Heating, Refrigeration and Air-Conditioning 
Engineers 
BPSD Behavioural and Psychological Symptoms of Dementia 
BUS Building Use Studies Ltd.  
Cassette A/C Cassette units are installed into the ceiling. The indoor unit itself sits flush 
to the ceiling and distributes conditioned air through two, three or four 
sides of the unit. The outdoor unit of a cassette air conditioner is mounted 
outside. 
CBE Centre for the Built Environment (University of California Berkeley, USA)
CMAI Cohen-Mansfield Agitation Inventory 
df Degrees of freedom 
DX Direct Expansion 
EAT Environmental Audit Tool  
HVAC Heating, Ventilating and Air Conditioning 
IEQ Indoor Environment Quality 
IEQ Cart Equipment designed in this research project to assess indoor environmental 
quality parameters 
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Mean maximum 
temperature 
The average daily maximum temperature over a defined period of time 
(°C) 
Mean minimum 
temperature 
The average daily minimum temperature over a defined period of time (°C)
NCC National Construction Code 
NH Nursing home 
NSW New South Wales 
Nursing home; 
aged care home; 
nursing home for 
the aged; hostel 
for the aged; 
residential aged 
care home. 
A nursing home is a special-purpose facility with a domestic-style 
environment that provides accommodation and 24-hour support, including 
assistance with activities of daily living, intensive forms of care and 
assistance towards independent living to frail and aged residents. Nursing 
homes in Australia also provide care to those who have dementia and are 
neither hospitals nor psychiatric facilities (Sanford et al., 2015; AIHW, 
2017b) 
OECD Organisation for Economic Co-operation and Development 
p Probability (the probability value, p-value or significance of a test) 
PAS Psychogeriatric Assessment Scales 
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PMV Predicted Mean Vote 
PPD Predicted Percentage of Dissatisfied (%) 
RACF Residential Aged Care Facility 
Set-point The point at which a thermostat has been set. The set-point is the target 
value that an automatic control system, for example PID controller, will 
aim to reach. 
Split A/C A split air conditioner consists of two main parts: the outdoor unit and the 
indoor unit. The outdoor unit is installed on or near the wall outside of the 
air conditioned room or space. The indoor unit contains a heat exchanger, a 
fan and an air filter. 
Sig. Significance probability also called p-value 
Symptom A physical or mental feature which is regarded as indicating a condition of 
disease, particularly such a feature that is apparent to the patient. 
Syndrome A group of symptoms which consistently occur together, or a condition 
characterized by a set of associated symptoms. 
t Test statistic for Student’s test 
TPV Thermal Perception Vote 
TSV Thermal Sensation Vote 
WAI Wisconsin Agitation Inventory 
WHO World Health Organization 
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1 Introduction 
1.1 Background and Motivation 
The world’s population is undergoing a major demographic shift; the proportion of older people 
in the population is currently at its highest in human history (UN, 2013). Population ageing is 
widespread across all nations and is also affecting Australia where the median age of the 
population is rapidly increasing due to declining fertility rates and rising life expectancy 
(AIHW, 2017a). In 1964, only 8% of the Australian population was aged 65 years and over and 
in the last 50 years it has increased to 15%. In June 2014, approximately 3.4 million Australians 
were aged 65 years and over (AIHW, 2017a). Moreover, population projections forecast that in 
the next fifty years this age group is expected to experience the highest growth rate of all age 
groups (ABS, 2013b).  
As the population ages the number of people with dementia is also expected to grow 
significantly. Dementia is not a natural part of ageing, however, it is more common in the older 
population (AIHW, 2015b). It is estimated that more than 400,000 Australian were living with 
dementia in 2016 (Brown, Hansnata and La, 2017). Dementia not only affects the life of people 
with the condition but also has a major impact on the quality of life of their family and friends. 
In 2012, dementia was considered the ninth health priority area by the Australian Health 
Minister (AIHW, 2015b) and in 2016 was the second leading cause of death and the major 
cause of disability in Australians aged 65 years or older (Alzheimer’s Australia, 2016).  
Dementia is also one of the leading causes of institutionalization among older adults, (Allen-
Burge, Stevens and Burgio, 1999; Sommer, 2010), consequently the demand for nursing home 
care is also projected to rise markedly (ACFA, 2016). Nursing homes (also called aged care 
homes; nursing homes for the aged; hostels for the aged; or residential aged care homes) are 
special-purpose facilities with a domestic-style environment that provide accommodation and 
24-hour support, including assistance with activities of daily living, intensive forms of care and 
assistance towards independent living to frail and aged residents. Nursing homes in Australia 
provide care to those who have dementia and are neither hospitals nor psychiatric facilities 
(Sanford et al., 2015; AIHW, 2017b). 
In 2014-15, in Australia, there were 2,681 residential aged care homes providing 192,370 
operational aged care places and more than 50% of residents had dementia (ACFA, 2016). The 
Australian Government is responsible for financing and regulating the aged care sector (AIHW, 
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2015a) and the Australian Aged Care Quality Agency is the supervisory authority which 
legislates and control that aged care facilities meet accreditation standards (DSS, 2014). The 
aim of the accreditation process is to ensure that residents are living in healthy living 
environments and that they receive high standards of care (AACQA, 2014). Nevertheless, the 
minimum requirements imposed by the Accreditation Standard 4 (Physical environment and 
safe systems) do not set minimum prerequisites regarding all Indoor Environmental Quality 
(IEQ) factors in nursing homes (AACQA, 2011). The term IEQ refers to the conditions inside a 
building, including, but not limited to, air quality, lighting, thermal comfort, ergonomics, and 
acoustics, and their effects on occupants or residents (USGBC, 2017). As a result, there is the 
potential for residents of aged care facilities to be exposed to unsatisfactory environmental 
conditions, which may negatively influence their health and wellbeing (OEH, 2014).  
Residents of nursing homes spend the majority of their day (80% to 90%) indoors (Mendes et 
al., 2015) and many of them depend on their environment to compensate for the physical and 
cognitive frailties associated with their conditions (Marquardt and Schmieg, 2009; Wong et al., 
2014). Quantitative evidence from recent studies has shown that the quality of the physical 
environment is not only a key element in providing comfort to occupants but it is also 
significantly linked with health and wellbeing of residents, especially of those with dementia 
(van Hoof and Hensen, 2006; van Hoof, Kort, Hensen, et al., 2010; Joosse, 2011; Wong et al., 
2014; Fleming et al., 2016). People with dementia may have increased sensitivity to specific 
environmental conditions (Sloane et al., 2002) and because there is a lack of clear evidence on 
how they perceive their indoor environment (van Hoof and Kort, 2008; van Hoof et al., 2008; 
Hwang and Chen, 2010; van Hoof, Kort, Hensen, et al., 2010; Wong et al., 2014); unnecessary 
environmental stimulations in nursing homes should be avoided since may cause behavioural 
and psychological symptoms of dementia (Hyde, 1989; Fleming, Forbes and Bennett, 2003; van 
Hoof and Kort, 2009). Moreover, limited quantitative evidence is available regarding how 
thermal discomfort affects health, wellbeing and behavioural and psychological symptoms of 
residents with dementia in nursing homes (van Hoof and Kort, 2008; van Hoof et al., 2008; van 
Hoof, Kort, Hensen, et al., 2010; Wong et al., 2014). Consequently, limited guidance and 
recommendations are available to help building designers and aged care providers to understand 
how to properly regulate IEQ in nursing homes. 
1.2 Aim, Research Questions and Specific Objectives 
The primary aim of this research project was to understand and quantify the impacts of IEQ 
factors in nursing homes, particularly indoor thermal comfort conditions, on perceptions and 
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comfort of all building nursing home occupants, and on the agitated behaviours of residents 
with dementia.  
In this thesis agitation is taken to be defined as inappropriate verbal, vocal, or motor activity that 
is not judged by an outside observer to result directly from the needs or confusion of the 
agitated person (Cohen-Mansfield and Billing, 1986). This research was not limited in 
determining perceptions and thermal comfort requirements of residents alone since a well-
designed facility should provide comfortable thermal conditions for all occupants. 
The key research questions for this study were as follows. 
1. Are accredited Australian nursing homes providing acceptable IEQ conditions to 
occupants? 
2. How can behaviours of residents be assessed and IEQ parameters measured 
simultaneously in a non-intrusive way in aged care facilities, so as to determine the 
impacts that IEQ factors have on agitation of residents with dementia? 
3. How does indoor air temperature affect frequency and disruptiveness of agitated 
behaviours of residents with dementia in nursing homes?  
4. How does the perception of thermal comfort and IEQ differ between the residents of 
aged care facilities and the staff and visitors who occupy the same indoor spaces?  
The specific objectives of the research were as follows. 
1. Conduct an extensive literature review of: 
a. The impacts that indoor environmental quality parameters have on the 
wellbeing and behaviours of people with dementia; 
b. Thermal comfort models used to predict thermal perception of occupants; 
c. Methodologies available to assess agitated behaviours in nursing homes; 
d. Methodologies available to assess IEQ in nursing homes; and 
e. The Australian aged care sector, and relevant policies and standards. 
2. Determine how typical existing accredited Australian aged care facilities perform with 
respect to provision of acceptable indoor thermal comfort conditions and indoor 
environmental quality (IEQ). 
3. Develop a non-intrusive methodology, combining engineering and health-related 
techniques, to determine the impact of IEQ on perceptions, day-to-day behaviours and 
agitation of occupants. 
4. Determine the influence of thermal environment and IEQ conditions on the 
manifestation of agitated behaviours in residents of nursing homes with dementia. 
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5. Analyse how occupants of nursing homes (including staff, visitors and residents with 
mild or no symptoms of dementia) perceive their indoor environment, and determine 
their expectations and preferences.  
6. Understand the implications of enhancing thermal comfort conditions and IEQ in 
nursing homes on the satisfaction and comfort of occupants, including both staff and 
residents. 
1.3 Thesis Outline 
The outline of the thesis is shown schematically in Table 1-1.  
A list of the IEQ parameters measured throughout the study is presented in Figure 1-1. 
Table 1-1 Structure of the thesis, and an outline of links between chapters and specific research 
questions. 
Chapter Research question 
2. Literature review All 
3. Thermal comfort and indoor 
environmental quality: performance 
of case study aged care facilities 
Are accredited Australian nursing homes providing acceptable 
IEQ conditions to occupants? 
5. Development and implementation 
of a mobile non-intrusive equipment 
to assess IEQ in nursing homes 
How can behaviours of residents be assessed and IEQ 
parameters measured simultaneously in a non-intrusive way in 
aged care facilities, so as to determine the impacts that IEQ 
factors have on agitation of residents with dementia? 
6. Indoor air temperature and agitated 
behaviours of residents with dementia 
living in a case study nursing home 
How does the indoor thermal environment affect the frequency 
and disruptiveness of agitated behaviours of residents with 
dementia in nursing homes? 
7. Perceptions of thermal comfort and 
indoor environmental quality in case 
study nursing homes 
How does the perception of thermal comfort and IEQ differ 
between the residents of aged care facilities and the staff and 
visitors who occupy the same indoor spaces? 
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Figure 1-1 List of IEQ parameters measured throughout the study and links between chapters 
and parameters measured. 
1.4 List of Publications Associated with the Thesis 
F. Tartarini, P. Cooper, R. Fleming, M. Batterham, Indoor Air Temperature and Agitation of 
Nursing Home Residents With Dementia, Am. J. Alzheimer’s Dis. Other Dementias®. (2017). 
doi:10.1177/1533317517704898. 
F. Tartarini, P. Cooper, R. Fleming, Thermal environment and thermal sensations of occupants 
of nursing homes: a field study, Procedia Eng. - Int. High-Performance Built Environ. Conf. – A 
Sustain. Built Environ. Conf. 2016 Ser. (SBE16), iHBE 2016. 180 (2017) 373–382. 
doi:10.1016/j.proeng.2017.04.196. 
1.5 Limitations in the Research Scope 
Research on the impact that IEQ factors have on the wellbeing and comfort of occupants in 
nursing homes, is not confined to a single discipline and requires the expert knowledge in 
numerous areas, ranging from engineering to medical and social sciences. Due to the 
complexity of this topic the scope of this study was limited in the following ways. 
 The target population in the present study were occupants of six case study nursing 
homes, which were all located in south-eastern New South Wales, Australia. 
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 The scope of this study was limited to the analysis of three specific aspects of the indoor 
environment: thermal comfort; acoustic comfort; and lighting quality. However, whilst 
the thermal environment was assessed thoroughly by measuring both personal 
parameters (i.e. clothing insulation and metabolic rate) and environmental parameters 
(i.e. air temperature, relative humidity, air velocity, mean radiant temperature). Sound 
levels were used as a proxy for acoustic comfort and horizontal plane illuminance as a 
proxy for lighting quality.  
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2 Literature Review 
This literature review begins with an overview of the worldwide demographic shift towards an 
ageing population, and the magnitude of human and financial costs of the associated increase in 
the number of people with dementia. There then follows a critical review of the relevant 
literature regarding: impact of indoor environmental parameters on the quality of life of people 
living in nursing homes; the manner in which the elderly, and people with dementia, perceive 
their indoor environment; the importance of building design to improve residents’ wellbeing and 
quality of life; the assessment of indoor environmental parameters and agitation in a non-
intrusive way in nursing homes. The chapter will then conclude with an overview of the 
Australian aged care sector and an analysis of standards and guidelines implemented by the 
Australian Government to provide high standards of care.  
2.1 Ageing Population 
The world population is undergoing a major demographic transition as the proportion of older 
people increases. In the developed nations the percentage of the population aged 60 years or 
over has now exceeded the percentage of people under the age of 15, accounting for 24% of the 
total population (UN, 2015). Figure 2-1 shows the distribution of world population by age group 
in 1950 and a projection for 2100. In 2000, about 600 million people were aged 60 and over and 
the population in this age group is expected to double by 2025 (Draper, Brodaty and Satanford, 
2015). As there is a strong relationship between age and dementia one of the expected 
consequences of this demographic shift is an increase in the number of people with dementia 
worldwide. 
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Figure 2-1 Shows the population pyramid for selected years (UN, 2015). 
2.2 Overview of Dementia 
Given that the present project was carried out in a relatively new multi-disciplinary area of 
research, this section provides an overview of some of the key issues and context relevant to 
research describe in later chapters of this thesis, particularly for readers without strong prior 
knowledge of dementia.  
In 2012, dementia was recognized as a public health priority by the World Health Organization 
(WHO), and the number of people with the condition worldwide is projected to nearly double 
every 20 years. In 2010, it was estimated that 35.6 million people had dementia and by 2050 this 
number is expected to increase to 115.4 million and each year there are about 7.7 million new 
cases of dementia, i.e. one new case every second (WHO and ADI, 2012). A study conducted 
by the Organisation for Economic Co-operation and Development (OECD) estimated that 
among people aged 70 years and over, dementia is the second largest cause of disability, and the 
global cost of dementia in 2010 was assessed to be over half a trillion $US, almost equal to the 
GDP of Switzerland (OECD Health Policy Studies, 2015). 
The research identifying the specific causes of dementia is in its infancy and no treatments are 
currently available to cure or significantly alter the progressive course of dementia (WHO and 
ADI, 2012).  
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2.2.1 Dementia Symptoms and Characteristics 
Dementia is a generic term that describes syndromes of a chronic or progressive nature, 
associated with numerous diseases which lead to the impairment of memory, brain function, 
orientation, comprehension, learning capacity, language, judgment and personality. However, 
the severity of symptoms and their pattern of development vary for different types of dementia, 
they are usually progressive in nature and are irreversible (AIHW, 2012a). 
The most common types of dementia are summarised below (AIHW, 2012a). 
 Alzheimer’s disease is the most common cause of dementia, accounting for about 50% 
to 75% of dementia cases worldwide. The most common early symptoms are memory 
loss, depression and apathy, which lead gradually to poor judgment, disorientation, 
behaviour changes and difficulty in everyday activities such as speaking and walking. 
 Vascular dementia is the second most common type of dementia, accounting for about 
20% to 30% of dementia cases. It is mostly caused by various types of cerebrovascular 
disease such as stroke. The most frequent early symptoms of vascular dementia are 
impaired judgment or insufficient ability in making decisions. 
 Frontotemporal dementia accounts for about 5% to 10% of cases and is more 
common in males with a younger onset of dementia. Personality and mood changes, 
disinhibition and language impairments are early stages commonly observed. 
 Dementia with Lewy bodies. Lewy bodies are abnormal clumps of cells in the brain 
that can cause dementia when they develop in the brain cortex. The most common 
symptoms are thinking problems, sleep disturbances, hallucinations and symptoms 
similar to Parkinson’s disease (such as tremor and muscular rigidity). The development 
of this kind of dementia is usually faster than in Alzheimer’s disease. 
Many other types of dementia have been diagnosed, however, they are less common than the 
four stated above. Sometimes dementia may be associated with other diseases (e.g. Parkinson’s 
disease, Huntington’s disease, etc.), caused by substance abuse/misuse (alcohol-related) or 
caused by trauma. 
The development of the symptoms can vary between different people and vary between 
different types of dementia, however it has been observed that symptoms usually increase in 
severity over time and people with dementia become increasingly frail. Many studies classify 
the progressive development of dementia in different ways, however, they can be summarized 
in the following seven major stages (Alzheimer’s Association, 2015). 
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 No Impairment the person has no memory problems. 
 Very Mild Cognitive Decline. Symptoms of dementia cannot be detected by a medical 
professional, however, the person may have some memory lapses. 
 Mild Cognitive Decline. Problems in concentration and memory become more 
noticeable. The person may have some problems in performing task and/or planning, 
however the person generally only needs marginal assistance. 
 Moderate-stages of dementia, the symptoms become more severe and frequent. Severe 
impairments are observed and the person requires assistance in day-to-day activities. 
People can lose orientation, have severe memory loss, become unable to take care of 
themselves or become aggressive. 
 Moderately Severe Cognitive Decline. People may not be able to choose proper 
clothing, remember their home address, etc. However, they might still be able to eat or 
go to the toilet without help. 
 Severe Cognitive Decline. People at this stage are almost totally dependent on their 
caregivers. Symptoms can be degenerative and lead to very severe impairment such as 
memory loss, inability to speak and behavioural difficulties. 
 Very Severe Cognitive Decline. This is the last stage of dementia. People may lose the 
ability to rationally respond to environmental stimuli, speak or even rationally control 
movements. 
2.3 Agitation in Dementia 
Agitation is defined as inappropriate verbal, vocal, or motor activity that is not judged by an 
outside observer to result directly from the needs or confusion of the agitated person (Cohen-
Mansfield and Billing, 1986). Agitation is not a necessary outcome of dementia (Cohen-
Mansfield and Martin, 2010); however, the prevalence of agitated behaviours in people with 
dementia is very high. The majority of residents with dementia manifest one or more agitated 
behaviours at least once a week (Cohen-Mansfield, Marx and Rosenthal, 1989; AIHW, 2012a). 
Agitation not only affects the quality of life of the person with dementia but also interferes with 
care delivery and may cause severe distress to caregivers and family members; and is the main 
reason for institutionalizing older adults with dementia (Sommer, 2010).  
There are many possible reasons for agitation and every person reacts to circumstances in 
different ways. Agitation may be triggered by interaction between cognitive impairment, pain, 
mental discomfort and environmental factors (Sato et al., 2013). Behaviours may represent an 
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underlying need for the person with dementia that is not obvious to the observer, and the person 
manifesting it may not be consciously aware of the need or be able to vocalize the need because 
of his or her mental condition (Cohen-Mansfield and Martin, 2010). 
Agitated behaviours are often grouped in four sub-types or syndromes of agitation (Cohen-
Mansfield, 2008):  
 physically non-aggressive behaviours;  
 physically aggressive behaviours;  
 verbally non aggressive behaviours;  
 verbally aggressive behaviours. 
However, the sub-types are not completely independent and often behaviours are observed to 
occur in two dimensions ranging from aggressive to non-aggressive and from physical to verbal.  
2.3.1 Treatment of Agitation 
Prevention is one of the most effective ways to reduce agitation (Cohen-Mansfield et al., 2010; 
Sommer, 2010; Draper, Brodaty and Satanford, 2015). Prevention can be achieved by ensuring 
that the person with dementia is comfortable within the surrounding physical environment 
(Fleming and Purandare, 2010). Physical constraints, inactivity, loneliness, decreased staffing 
levels and cold at night, are some examples of the psycho-social environmental circumstances 
associated with increased levels of agitation in cognitively impaired people (Cohen-Mansfield, 
1996b). These should be avoided and an emphasis placed on the provision of appropriate stimuli 
such as: music therapy, social interaction and stimuli based on persons’ self-identity, as they are 
associated with significantly less agitation (Cohen-Mansfield, 1996b; Cohen-Mansfield et al., 
2010). Prevention of agitation has the potential to improve the quality of life of people with the 
condition, decrease the burden of care for caregivers, decrease the use of medications and drugs, 
provide opportunities for elderly people with dementia to live at home with their families and 
decrease the Government health spending (Porsteinsson et al., 2014). 
2.3.2 Existing Rating Tools and Methodologies to Assess Agitation  
Systematic assessment of agitation is crucial for improved understanding of possible causes that 
trigger behaviours, for deciding the correct type of intervention and management strategies, and 
for monitoring the quality of care (Cohen-Mansfield and Martin, 2010). However, the 
assessment of people with dementia is a complicated task due to the complexity of the 
behaviours and because people with dementia may not have the ability to verbalize their 
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behaviours or explain what caused them. Therefore, in dementia care interviewing the person 
concerned has very limited utility (Cohen-Mansfield, 1996a). Translating observed behaviours 
into measured values is crucial to the collection of objective data rather than relying on 
anecdotal descriptions from caregivers (Sommer, 2010). Consequently, over recent decades, a 
range of tools has been developed to systematically assess agitation in people with dementia. 
These rating tools provide quantitative data which enables the use of statistical analysis of 
results leading to conclusions that minimise the role of opinions in research. 
The following three major approaches have been widely used to assess agitation (Cohen-
Mansfield and Martin, 2010). 
 Informant rating, in which a caregiver is asked to recollect and assess the behaviours 
that constituted agitation over a specific time frame (Cohen-Mansfield, 1996a). 
Informant ratings are the most widely used tools to assess agitation in institutional 
settings (Cohen-Mansfield, 1996a; Cohen-Mansfield and Libin, 2004; ASHRAE, 2007). 
 Observational methods, people with dementia are systematically observed while in 
their natural settings and agitation is assessed by a trained researcher using a 
standardized reporting format. Agitation is rated after observing the person with 
dementia for a predetermined period of time.  
 Technological devices can be used to automatically assess some specific behaviours by 
monitoring body position, activity level, or noise, for example. 
The decision on the method to use is usually based on the nature of the research questions, type 
of participants, the environmental context of the study and the funding available. 
Informant Rating Methods 
Many informant rating instruments are available to assess agitation in different care settings (i.e. 
nursing homes, dwellings and hospitals). While all informant rating instruments aim to 
qualitatively measure agitation, they differ in several dimensions, such as: number of 
items/behaviours included, sensitivity of scale used, period of time chosen, weighting of each 
individual score (Cohen-Mansfield, 1996a). Some instruments are only designed to assess 
agitation while others can be used to rate other domains, such as anxiety or cognitive 
functioning. Number of items included and scoring scales also vary significantly, for example, 
the Cohen-Mansfield Agitation Inventory (CMAI) (Cohen-Mansfield, Marx and Rosenthal, 
1989) is an informant rating instrument widely used in nursing homes settings to assess the 
frequency of 29 agitated behaviours over a fortnightly observation period. Whereas, the 
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Pittsburgh Agitation Scale (Rosen et al., 1994) is another example of an informant rating 
instrument used to rate severity of agitation in four specific behavioural dimensions on a 5-point 
scale. A detailed list of available informant rating instruments can be found in Cohen-Mansfield 
& Martin (2010) and in Cohen-Mansfield (1996).  
Instruments which only include a short list of behaviours may not have a good resolution and 
may not capture variability among different type of behaviours (Cohen-Mansfield and Martin, 
2010). On the other hand, questionnaires which are too long may be repetitive and take more 
time to be completed. Different scales are also used to rate behaviours, some instruments rate 
agitation on a 5-point scale while other on a 7-point scale. However, regardless of the length of 
the scale used, points should have a meaningful label and should avoid that ‘ceiling/floor’ or 
‘saturation’ effects occur. For example, a frequency scale is preferred to specify the number of 
times in a period of time rather than using term labels like very frequent (Cohen-Mansfield, 
1996a). Based on the type of instrument used, on the research questions, and on the type of 
behaviours assessed, the time frame over which agitation is rated can also vary. Finally, one of 
the most crucial issues is the appropriate selection of the informant used. The informant needs to 
have the ability to reliably and quantitatively observe and report behaviours. In addition, the 
informant needs to have had spent time in contact with the person with dementia (Cohen-
Mansfield and Martin, 2010). In clinical studies, caregivers are usually trained prior 
commencing the data collection phase.  
Observational Methods 
Observational methods can also be used to effectively assess agitation. Observations can be 
performed in different ways, however, they always involve the presence of a trained research 
assistant who observes the person with dementia for a predetermined period. The research 
assistant can either observe or videotape the person with dementia in his or her natural 
environment; then the observer rate the behaviours by completing a copy of the observational 
instrument (Cohen-Mansfield, 1996a). The Wisconsin Agitation Inventory (Kovach et al., 2004) 
and the Agitated Behaviors Mapping Instrument (Cohen-Mansfield, Werner and Marx, 1989) 
are two examples of observational instruments that can be used to rate agitation in observational 
studies. A detailed list of available observational scales can be found in Cohen-Mansfield 
(1996).  
The selection of an appropriate instrument should be based on research questions and 
objectives. Observational instruments have proven to be very reliable and researchers have 
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reported high inter-rater reliabilities with high agreement rates (Cohen-Mansfield, Werner and 
Marx, 1989; Cohen-Mansfield and Libin, 2004). However, the major limitation of this approach 
is that large quantities of observations are required to detect infrequent behaviours and all the 
observers need to be trained (Cohen-Mansfield and Libin, 2004). Furthermore, the presence of 
the observer in the near proximity of the person with dementia may also have an impact on 
his/her behaviours (Cohen-Mansfield and Martin, 2010). 
Technological and Mechanical Devices 
Pedometers, cameras or indoor localization devices are examples of technologies that can be 
used to monitor wandering, accelerometers can be used to detect specific agitated motor 
behaviours and the amount of walking performed by each resident, while, microphones may be 
used to record and identify vocal and verbal behaviours.  
The use of such devices has been limited, partly because some solutions are not yet reliable and 
partly because wearable technologies may bother the person wearing them and they require 
continuous maintenance, such as battery replacement (Cohen-Mansfield and Martin, 2010).  
Comparing Methods of Assessment 
Clinical research in dementia care would greatly benefit from the use of low cost and low 
energy sensors to accurately measure and monitor agitation, however, the technology to do so is 
not available yet. Arguably, in the coming year with the continuous development of small, 
efficient and low cost wearable sensors, new technological devices will play a central role in 
assessing agitation. Given the technical limitations, the use of these mechanical/technological 
devices has been limited, and the majority of clinical studies conducted in nursing homes are 
still relying on observational and informant methods to measure agitation at the time of writing.  
Informant methods are generally less time-consuming and cheaper than observational methods 
(Cohen-Mansfield and Libin, 2004). Informant ratings are also appropriate to assess low-
frequency behaviours and they are not intrusive (McCann et al., 1997). However, they can be 
biased by the relationship between the informant and the person observed (Cohen-Mansfield, 
1996a) and because the informant is asked to recollect and remember when the event occurred 
the results may not always be accurate (McCann et al., 1997). Nonetheless, the relationship 
between the informant and the person observed is not always a negative aspect since it may help 
the informant to accurately interpret specific behaviours (Cohen-Mansfield and Libin, 2004). 
The ideal approach would be to continuously videotape or observe people with dementia for the 
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whole duration of the research project. However, such an approach would be impractical due to 
the high costs involved in recording and analysing the data.  
Few studies have been conducted to determine the concordance between observational and 
informant rating methods. McCann et al. (1997) examined the concordance between informant 
ratings and observational methods in assessing behaviours of 177 nursing home residents with 
Alzheimer’s disease. McCann et al. found that both methods had moderate agreement in 
detecting whether residents exhibited the behaviours or not, however, observational methods 
were more accurate than informant rating method in assessing frequency of the behaviours 
(McCann et al., 1997). However, discrepancies observed by McCann et al. may also have been 
caused by differences in behavioural definition between data collection methods (McCann et al., 
1997). Cohen-Mansfield et al. (2004) also studied the correlations between an informant rating 
and an observational instrument. Cohen-Mansfield et al. conducted their study in 11 nursing 
homes and assessed agitated behaviours of 175 elderly people using the Agitated Behaviors 
Mapping Instrument, an observational instrument, and the Cohen-Mansfield Agitation 
Inventory, which was completed by caregivers. Cohen-Mansfield et al. found a significant 
correlation between the two rating instruments in the assessment of those behaviours which 
were identically defined in both rating scales, suggesting that informant rating instruments can 
also be used to accurately assess agitated behaviours of residents with dementia, when 
completed by trained informants using well defined terms.  
2.4 Physical Environment 
It is commonly believed that people in developed countries spend about 80% - 90% of their 
daily lives indoors, and this scenario is likely to be higher for residents in nursing homes 
(Mendes et al., 2015). Therefore the International Classification of Functioning, Disability and 
Health (ICF) developed by the World Health Organisation, considers the built environment and 
thermal environment to be significant factors that influence the impairment level of people, and 
have the potential to assist people to overcome some limitations and restrictions caused by 
declining cognition (WHO, 2001; van Hoof, Kort, Hensen, et al., 2010). Hence, it is important 
that nursing homes are designed and built with the primary objective of enhancing the 
wellbeing, health and quality of life of occupants.  
The term indoor environment assumes slightly different connotations when used by experts 
from different disciplines. In the engineering literature the term indoor environment is mostly 
used as an umbrella term which encompass indoor air quality, lighting, thermal comfort, 
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acoustic comfort and vibration, ergonomics. While, in the nursing literature it is used to classify 
the indoor environment as a whole, including additional parameters such as privacy, safety, 
cleanliness, etc. (Sloane et al., 2002; van Hoof, Kort, Duijnstee, et al., 2010). Therefore, 
specialists from both fields have different approaches and perceptions in regards to how to 
enhance the quality of the indoor environment in nursing homes. Furthermore, the perception of 
the indoor environment differs from person to person. Building designers should, therefore, 
consider the specific needs of all the occupants, and aim to design and build facilities which are 
comfortable for the majority of the occupants.  
2.5 Thermal Comfort  
The America Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 
defines thermal comfort as: “that condition of mind that expresses satisfaction with the thermal 
environment” (ANSI and ASHRAE, 2013a).  
However, this definition does not unequivocally define the exact meaning of the expressions 
“condition of mind” or “satisfactory”. In general terms, thermal comfort occurs when the skin 
temperature is in within a defined range, sweating is low, and the physiological effort required 
for thermal regulation is minimized (ASHRAE, 2009). Comfort also depends on conscious, or 
unconscious, actions that each individual employs to reduce discomfort in a given physical 
environment (ASHRAE, 2009).  
Although the ASHRAE definition may be applicable to the great majority of the adult 
population, it may not be universally applicable to all individuals. For instance, dementia affects 
parts of the brain that are responsible for the perception of thermal sensation, it significantly 
impacts the “condition of mind” and the ability of people with the pathology to express 
themselves reliably (van Hoof et al., 2008; van Hoof and Kort, 2009). Furthermore, people with 
dementia may express satisfaction or dissatisfaction with the thermal environment via 
observable behaviours (van Hoof and Kort, 2008).  
Over the recent decades, many studies have attempted to define indices and equations to 
establish and unequivocally evaluate thermal comfort sensation of each individual. However, 
two main thermal comfort models are used worldwide by engineers and architects to assess the 
whole body thermal perception of healthy adults (ANSI and ASHRAE, 2013b), they are as 
follows:  
 the Predicted Mean Vote (PMV) model developed by Fanger in the late 1960s; and 
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 the adaptive comfort model developed by de Dear et al. in the late 1990s.  
Nevertheless, no universally applicable method has yet been developed (van Hoof, 2008), and 
there is not a clear understanding of how older adults, and people with mental disorders and 
physical disabilities, perceive their thermal environment (ISO, 2005b; ANSI and ASHRAE, 
2013a).  
2.5.1 The Fanger Thermal Comfort Model  
Fanger was one of the pioneers in the study of human thermal comfort and he developed a 
whole-body model to predict the mean thermal perception of building occupants. The predictive 
model was based on findings obtained from studies conducted in laboratories and climate 
chambers. Fanger postulated that the following are the six primary indoor environmental 
parameters that influence the conditions of thermal comfort (Fanger, 1970): 
 activity level, (heat production in the body); 
 thermal resistance of clothing; 
 air temperature; 
 mean radiant temperature; 
 relative air velocity; and 
 water vapour pressure in the ambient air. 
Here the first two parameters (activity level and clothing) are controlled by the occupant, 
whereas, the other four are conditions of determined by the surrounding physical environment. 
Fanger proposed that the thermal state of the whole body can be estimated by entering those six 
parameters into the Predicted Mean Vote (PMV) equation derived by correlating a great many 
thermal comfort experiments (Fanger, 1970). The PMV index predicts the mean value of 
thermal sensation votes, of a large number of occupants on a sensation scale which ranges from 
-3 to +3, corresponding to the categories ‘cold,’ ‘cool,’ ‘slightly cool,’ ‘neutral,’ ‘slightly 
warm,’ ‘warm,’ and ‘hot’. (ANSI and ASHRAE, 2004). The PMV model is applicable only to 
healthy men and women who are in indoor environments where the thermal comfort is 
desirable. Furthermore, the model is able to predict the thermal state of the whole body for PMV 
values in between -2 and +2, and only when the six environmental parameters are in within the 
following ranges (ISO, 2005b):  
 46 (W/m2) < M < 232 (W/m2);  
 0 (m2K/W) < Iclo < 0.310 (m2K/W);  
 10 (°C) < Ta < 30 (°C);  
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 10 (°C) < Tr < 40 (°C);  
 0 (m/s) < Va < 1 (m/s);  
 0 (Pa) < pa < 2700 (Pa).  
Fanger also recognized that expectations of thermal comfort within a space are different from 
occupant to occupant. The Predicted Percentage of Dissatisfied (PPD) index is directly related 
to the PMV and is an estimate of the number of people who are thermally dissatisfied. The 
definition of PPD is based on the following experimental results (ISO, 2005b):  
 people voting ±2 or ±3 in the PMV scale are dissatisfied with the thermal environment; 
 the PPD is symmetric around PMV=0; 
 when PMV = 0 then PPD = 5%. 
Therefore, Fanger postulated that complaints cannot be completely avoided, however, they can 
be minimized by meeting the requirements of the majority of occupants sharing an indoor 
environment. 
Over the years, the PMV model has gained acceptance in the scientific community and has been 
adopted in many national and international standards, such as ISO 7730 and ASHRAE 55-2013, 
for evaluating thermal comfort. It is still the official tool used by engineers and architects to 
evaluate thermal comfort conditions, even though a new adaptive model was also incorporated 
in the thermal comfort standards in the 1990s (van Hoof, 2008). 
2.5.2 Adaptive Thermal Comfort Model 
Research into the field of an adaptive thermal comfort model started in the mid 1970s in 
response to the oil crisis and increasing concerns over human impact on global warming (van 
Hoof, 2008). Scientist argued that the model proposed by Fanger defined a narrow comfort 
zone, which in tropical climates, would be achievable only with mechanical ventilation (de 
Dear, Brager and Cooper, 1998). Furthermore, many researchers also criticized the assumption 
that the PMV model was applicable to both mechanically ventilated/air conditioned buildings, 
and naturally ventilated buildings. 
In the late 1990s ASHRAE commissioned de Dear and Brager to undertake a project entitled 
ASHRAE RP-884 which aimed to develop an adaptive thermal comfort model (de Dear, Brager 
and Cooper, 1997). De Dear and Brager hypothesized that contextual factors and past thermal 
history influence thermal preferences and expectations of building occupants (de Dear, Brager 
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and Cooper, 1998). They argued that the PMV model could not be applied to all building types, 
since it did not consider outdoor temperature or adaptive response of occupants. Furthermore, 
they argued that the PMV model ignored important cultural and social differences in the need 
and desire for air-conditioning (de Dear, Brager and Cooper, 1997).  
The adaptive thermal model defined by de Dear et al. 1997, is based on the assumption that 
there are three distinguishable categories of adaptation as summarised below. 
 Behavioural adjustment refers to the modification to the interior thermal environment 
that a person can consciously or unconsciously make in order to modify heat and mass 
fluxes governing the thermal balance of the body (de Dear, Brager and Cooper, 1997). 
This category can be divided in three sub-categories: 
 Personal adjustment, which involves activities such as changing clothing, 
assumption of hot or cold food/drink, posture or changing location in within the 
space. 
 Technological or environmental adjustment, which involves interaction with 
surrounding objects/appliances, such as turning on/off a fan, open/close the 
windows, and use of adjustable internal or external shading. 
 Cultural adjustment, which include habits, time scheduling and dress code. 
 Physiological adaptation includes all the physiological changes that can lead to a 
reduction in the impact that the exposure to thermal environmental factors have (de 
Dear, Brager and Cooper, 1997). This category can be divided in two sub-categories: 
 Generic adaptation, which is part of the heritage of a certain community or 
race. 
 Acclimatization or acclimation, adjustment which happen in over a short 
period of time, in response to an environmental change. 
 Psychological adaptation refers to a changed perception of, and response to, sensory 
information (de Dear, Brager and Cooper, 1997). De Dear supports the theory that 
occupants can alter their sensorial response according to their expectations and previous 
experiences. 
One of the major outcomes of the research into the field of an adaptive thermal comfort model 
was that the PMV model prediction of optimum indoor temperature is valid only for 
mechanically ventilated/air conditioned buildings, because in such buildings physiological and 
psychological adjustment are suppressed and occupants only adapt to the indoor climate with 
behavioural adjustments (de Dear, Brager and Cooper, 1997). In contrast, in naturally ventilated 
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buildings occupants accept a wider range of indoor temperatures as compared with the PMV 
model because they are able to adapt to the indoor environment through behavioural, 
physiological and psychological adaptive processes (de Dear, Brager and Cooper, 1997).  
Results obtained from the adaptive thermal comfort study were based on the analysis of more 
than 21,000 sets of raw data (from 160 buildings) collected in thermal comfort field studies 
conducted worldwide (de Dear, Brager and Cooper, 1998). However, the data used were mostly 
collected in office buildings, hence, the adaptive model may not be used to properly estimate 
thermal comfort requirements of residents living in nursing homes.  
Furthermore, over the course of the years, some researchers have criticised the adaptive thermal 
comfort model (Halawa and Van Hoof, 2012). One of the main issues of the adaptive thermal 
comfort model has been identified in the assumption that the indoor comfort temperature varies 
as a function of the outdoor temperature only, without much consideration of the conventional 
thermal comfort factors used in the PMV model (Fanger and Toftum, 2002). In addition, for a 
large number of outdoor conditions the models overlap. There are also significant differences 
between the adaptive thermal comfort guidelines provided in different standards (Halawa and 
Van Hoof, 2012). As a consequence researchers have suggested that it would be appropriate to 
improve and extend the PMV method to better predict the thermal state of the whole body of 
occupants of naturally ventilated buildings. This could be achieved by better specifying some of 
the input parameters in the PMV model, which should not be kept constant but should be 
allowed to vary to compensate for outdoor weather conditions and for the needs of special 
groups like older adults (van Hoof, 2008; Halawa and Van Hoof, 2012). Furthermore, Fanger 
and Toftum 2002 observed that an erroneous estimation of the metabolic rate of people may 
explain differences between the calculated PMV and the adaptive thermal comfort model. 
People, when feeling warm, may adapt to the environment by unconsciously reducing their level 
of activity. Hence, the lower metabolic rate of people in warm environment should be 
considered in the calculation of the PMV (Fanger and Toftum, 2002). 
2.5.3 Local Discomfort 
Both the PMV and the adaptive thermal comfort models attempt to determine comfort 
conditions for the whole body. Nevertheless, discomfort can be caused by an unwanted cooling 
or heating of a local part of the body (local discomfort) or by a non-steady-state thermal 
environment. Local thermal discomfort is mostly perceived by people who are involved in 
21 
 
sedentary or light activities (ISO, 2005b). The most common causes of local thermal discomfort 
are (ANSI and ASHRAE, 2013a): 
 Draughts. Unwanted cooling of the body caused by uncontrolled air movement. 
 Vertical air temperature difference. Unpleasant high air temperature difference 
between ankles and head. 
 Warm and cool floors. Thermal discomfort caused by sub-optimal thermal sensation 
through occupants’ feet. 
 Radiant temperature asymmetry. Caused by warm/cold ceiling and cool/warm walls. 
However, occupants are more sensitive when the radiant asymmetry is produced by 
warm ceiling or cool walls (windows) (ISO, 2005b). 
2.5.4 Temperature Variation with Time 
Temperature variations with time have also been identified as a cause of thermal discomfort; 
especially if the temperature variations are not under direct control of occupants (ANSI and 
ASHRAE, 2013a). The ASHRAE 55-2013 standard identifies two main types of conditions that 
may cause discomfort: 
 Temperature cycles. Cyclic variations of the operative temperature which have a 
period smaller than 15 minutes. 
 Temperature drifts or ramps. Monotonic changes in the operative temperature or 
cyclic variations with a period greater than 15 minutes. 
2.5.5 Thermal Comfort in Aged Care Facilities 
Nursing homes are a hybrid category of buildings; part residential, part offices and part 
commercial (Walker, Brown and Neven, 2015). Therefore different thermal zones within one 
facility can be identified, as follows: 
 Bedrooms, where some residents spend the majority of their time; 
 Lounges and dining areas, which are often used by many occupants at any given time; 
 Bathroom and showers, where a part or the whole body of residents may be naked and 
wet; 
 Kitchens and laundries; 
 Office spaces, where staff members are mostly involved in administrative tasks. 
Moreover, in nursing homes different types of occupants, who might have different thermal 
requirements due to variations in time spent indoors, activity level, thermal insulation of 
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clothing and health status, share the same environment (Peeters et al., 2009). There are three 
main categories of building occupants in nursing homes, as follows. 
 Staff members and volunteers who are involved in a wide range of activities, ranging 
from administrative activities to providing intensive care. They may also be required to 
follow a dress code. Age of staff members and volunteers may vary considerably, 
however, in general their ages range from 20 to 70 years old.  
 Residents are the recipients of care and live inside the facility. Most of them are 
involved in sedentary activities and some of them may have the ability to adapt their 
clothing in accordance with their physical, behavioural and psychological requirements. 
At June 2012, 80% of the Australian permanent residents in nursing homes had received 
an overall classification of high-care across three care domains: activities of daily 
living, behaviour and complex health care and 18% of them had high-care classification 
across all domains (AIHW, 2016a).  
 Visitors. 
Variations in the characteristics of the people occupying the building are exacerbated by the fact 
that many aged care facilities are either partially or fully equipped with mechanical cooling and 
heating, with no clear demarcation between air-conditioned and non-air-conditioned spaces.  
Nursing homes represent a completely different type of environment as compared to the 
climatic chambers where Fanger conducted his experiments or to office spaces used to establish 
the adaptive thermal comfort method of de Dear. Due to the intrinsic complexity in conducting 
thermal comfort studies in such a complex environment, very few field studies have been 
conducted in nursing homes. As a result, significant uncertainty still remains as to how residents 
perceive their thermal environment (Hwang and Chen, 2010; van Hoof, Kort, Hensen, et al., 
2010; ISO, 2012), and the possible impact that thermal discomfort may have on their wellbeing 
has not been fully understood (van Hoof, 2008; Garre-Olmo et al., 2012; Wong et al., 2014; 
Walker, Brown and Neven, 2015).  
Thermal Comfort Model for Older People 
Despite the fact that almost 8% of the world’s population is aged 65 years and over (The World 
Bank Group, 2014) there is still a lack of clear understating about how older adults perceive 
their thermal environment (Hwang and Chen, 2010; ANSI and ASHRAE, 2013a; Walker, 
Brown and Neven, 2015). In 2013, 14% of the Australian population was aged 65 years and 
above (ABS, 2013b) and more than 250,000 Australians resided in nursing homes across the 
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country (AIHW, 2015a). However, there are limited guidelines available to date Worldwide for 
the aged care sector addressing design and performance issues in regards thermal environment. 
The World Health Organization (WHO) recommends a minimum temperature of 20°C to be 
maintained in environments used by older adults or people with physical disabilities (WHO and 
UNEP, 1990). While, the International Organization for Standardization suggests that preferred 
neutral temperature does not varies as a function of age, however, since elderly people have a 
decreased vasoconstriction response and reduced thermal sensation, cool ambient temperatures 
should be avoided, and PMV should be maintained between 0 and +0.5 (ISO, 2012). 
Recent studies have shown that older people have less capacity to adapt to changing indoor 
environmental conditions and they are more vulnerable than younger adults when exposed to 
extreme climates (Worfolk, 2000; Havenith, 2001). Ageing affects all the organs, causing a loss 
of skeletal and muscle mass, reduced heart output, artery and vein stiffness, loss of skin 
elasticity and neural tissue decline. These are among the main causes of a reduced metabolic 
rate, blood perfusion, skin sensitivity, and vasoconstriction and vasodilatation response to 
thermal stress (Novieto and Zhang, 2010; Lewis, 2015).  
Enhancing the quality of the thermal environment is, therefore, essential if we are to not only 
provide comfort but also enhance wellbeing, health and perhaps reduce agitation of residents. 
Heating, Ventilating and Air Conditioning (HVAC) systems should be capable of controlling 
the indoor temperature within a comfortable range to shelter residents from severe outdoor 
weather conditions. Studies have shown that exposure to heat waves increases mortality rates 
and hospital admissions of the older population (Worfolk, 2000; Conti et al., 2007).  
Several studies have tried to determine whether perception of the thermal environment varies as 
a function of age, however, different studies have provided conflicting evidence and there is still 
disagreement in the scientific community (Hwang and Chen, 2010). Some support Fanger’s 
results which have demonstrated that there is no significant difference in the preferred 
temperature of healthy people aged around 65 years old and college-age subjects (Fanger, 
1970). Fanger argued that the decrease in metabolic rate, which is normally observed in older 
adults, is compensated by the decrease in perspiration (Fanger, 1970). While others have found 
conflicting evidence suggesting that elderly subjects have different thermal preferences than 
their younger counterparts (van Hoof and Hensen, 2006; van Hoof, 2008; Hwang and Chen, 
2010; Schellen et al., 2010; Del Ferraro et al., 2015). Fanger based his findings on the analysis 
of responses obtained from healthy adults aged around 65 years old, however, in 2012 the 
median age of residents of Australian nursing homes was 86 years old (AIHW, 2013b). 
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Therefore, people living in nursing homes may arguably have different expectations as 
compared to healthy adults aged around 65 years old. 
Thermal Comfort in Nursing Homes 
People in nursing homes may have different degrees of control over their indoor environment. 
For example, they may or may not have control over opening/closing of windows and 
temperature set-points of HVAC systems servicing their rooms. As a result, in some situations 
residents may actively control their physical environment while in others they are passive 
recipients of predetermined comfort conditions (Cole et al., 2008). In this respect Cole et al. 
(2008) identified two major types of indoor environment, i.e. residential and commercial. 
However, in nursing homes, there is no clear demarcation between the two. In residential 
environments occupants have a great degree of control and can modify their indoor environment 
based on their needs. In commercial environments occupants rarely have close control and often 
share the same space with other people (Cole et al., 2008). Perceptions of thermal comfort in 
nursing homes is, therefore, not only correlated to the conditions of the physical environment 
but are a complex balance between environmental factors, perceptions, expectations, health 
status and degree of control that occupants have.  
Moreover, older people living in residential care homes may have different physical or mental 
conditions and age. Some may be bed-bound or have mobility limitations, while others may 
have mental conditions including dementia. As a result, they all have different abilities in 
actively selecting adaptive strategies that may help them to feel more comfortable. Furthermore, 
people living in nursing homes are more likely than other older adults to use medications on a 
daily basis. A study conducted by Somers et al. (2010) in 36 residential aged care facilities in 
Western Australia, found that of the 351 participants in the study, 320 were concurrently using 5 
or more medications. One third of the study participants were taking at least one antipsychotic 
medication and about 50% of them were also prescribed with antidepressants (Sommer, 2010). 
It has also been found that use of some medications can significantly affect thermoregulation in 
people’s bodies (Havenith, 2001). 
In Australia, about 52% of those living in nursing homes have dementia (AIHW, 2013a) and 
this percentage is expected to significantly increase over the coming decades (Australian 
Department of Health, 2016). To date, the details of how people with dementia perceive thermal 
comfort has not been established, and no thermal comfort standards are specifically applicable 
to people with dementia. Even the classic notion of thermal comfort, may not be applicable 
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since people with the mental condition may have an unknown ‘state of mind’, and may have 
limited ability to reliably express themselves (van Hoof, Kort, Duijnstee, et al., 2010). It is 
known that people with dementia may have difficulties in dealing with external stimuli, and 
they may be extremely sensitive to even small changes in the environment (van Hoof et al., 
2008). People with dementia may not be able to vocalize their needs (Cohen-Mansfield and 
Martin, 2010) and may express (dis)satisfaction by manifesting specific behaviours (van Hoof, 
Kort, Hensen, et al., 2010). Therefore, facilities must be designed to reduce unnecessary 
stimulation of the occupants (Fleming, Forbes and Bennett, 2003). Drafts and temperature 
gradients should also be avoided since occupants may be unable to move to locations that avoid 
such issues. Furthermore, it is very important to consider how the technological solutions 
implemented to provide heating/cooling and the level of control that residents with dementia 
have over their environment (i.e. opening and closing windows, HVAC system set-point 
temperature).  
The indoor thermal environment plays a central role in the provision of comfort for occupants 
(Walker, Brown and Neven, 2015), but it may also provide other benefits. However, to date 
little it is known about the possible impact that the thermal environment plays in reducing 
burden of care and agitation (van Hoof, Kort, Duijnstee, et al., 2010). Until specific 
recommendation are provided for the aged care sector, a trial and error approach is likely to be 
used by staff to modify the indoor environment (van Hoof et al., 2008) and facilities that may 
not enhance comfort conditions for all occupants may continue to be built and accredited. 
2.6 Acoustic Comfort 
2.6.1 Ageing and Hearing 
Hearing loss is part of the ageing process; in Australia about half of the population aged 
between 60 and 70 experiences hearing problems and the percentage is even higher among older 
age groups. About 70% of people over 70 years and 80 % of people aged 80 or more have 
hearing problems (Australian Hearing, 2013). 
Hearing loss in elderly people is mainly caused by three factors (Liu and Yan, 2007): 
 Genetic factors, which largely determine the ageing process; 
 Environmental factors, such as noise and other ototoxic agents; and 
 Intrinsic factors, such as systemic diseases. 
26 
 
Hearing loss may have a negative impact on wellbeing and quality of life of people with this 
medical condition and it may have psychological, physical and social consequences (Dalton et 
al., 2003; Liu and Yan, 2007). Hearing impairment contributes to cognitive dysfunction in older 
adults, reduced functioning in activities of daily living and communication difficulties (Dalton 
et al., 2003). Furthermore, hearing impairment is common in people with dementia and the risk 
of dementia increases progressively with greater amounts of hearing loss (Uhlmann et al., 
2014).  
Many older people are able to compensate for hearing loss by a combination of lip reading and 
increased attention. However, people with dementia may not be able to do this, resulting in the 
need to eliminate unnecessary environmental noise and reverberation from the environment 
(Hayne and Fleming, 2014). Furthermore, progressive neuronal losses occurring in dementia 
may lead to a lower personal ability to adapt to environmental stressors, making normal stimuli 
confusing (Baker et al., 2001). High noise levels have been found to contribute to agitation, 
poor sleep, distraction from completing a task, request for attention, confusion and fear in 
individuals with dementia (Weiner et al., 2002; Joosse, 2009; Fleming and Purandare, 2010; 
Garre-Olmo et al., 2012). 
2.6.2 Noise in Nursing Homes 
The impact that noise has on people with dementia is rarely considered, as a result, nursing 
homes are commonly noisy environments (Fleming and Purandare, 2010; Garre-Olmo et al., 
2012; Joosse, 2012). Dementia can alter the way people perceive external stimuli (i.e. noise), 
hence, noise levels that may be acceptable to healthy adults may be particularly distressing and 
disorientating for a person with dementia (Social care institute for excellence, 2015). Evidence 
from previous studies has shown that noise negatively influences behaviours in people with 
dementia. For example, Joosse (2012) conducted an observational study in four nursing homes 
and determined that both sound and accumulation of sounds throughout the day predicted 
agitation among 53 residents with dementia. Moreover, Garre-Olmo et al. (2012) conducted a 
study comprising 160 nursing home residents with dementia and observed that high noise levels 
were associated with fear, negative feelings, which caused a reduced amount of social 
interaction. However, Cohen-Mansfield and Werner (1995) studied the relationship between 
environmental factors and agitation of 24 participants and observed that most agitated 
behaviours decreased when participants were in a noisy environment, with the exception of 
aggressive behaviours and requests for attention which both increased with high levels of noise 
in the environment. Cohen-Mansfield and Werner concluded that unpleasant noise should be 
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avoided because they may increase agitation, however, even residents who are severely 
cognitively impaired do need stimulation (Cohen-Mansfield and Werner, 1995). Hence the type 
and variety of noise in nursing homes should be carefully regulated, as over and under exposure 
to noise may cause agitation, illusions, confusion and frustration (Hayne and Fleming, 2014). 
Noise and vibrations in residential care homes may come from several sources, including noise 
made by people and noise from electrical equipment and other machinery and appliances. 
Therefore, special attention should be given to develop strategies that can reduce exposure of 
residents to unpleasant noise and that can highlight helpful stimuli at the right time of day 
(Hayne and Fleming, 2014). For example, bringing residents to dining rooms after the meal is 
served and taking out them as soon as they are finished eating and socializing can significantly 
reduce their exposure to noise (Joosse, 2011). Staff talking to each other can also contribute to 
an increase in background noise. Training programs can be used to increase awareness of 
personal care assistants on the noise that they generate during shifts, demonstrating how inter-
staff conversations that are not important to the provision of care, can impact and increase 
exposure of residents to noise (Joosse, 2011). Equipment acoustic insulation or relocation and 
quiet-hour programs may also help to reduce the noise level considerably. Whereas, familiar 
music and sounds of nature have been identified as helpful stimulation to people with dementia 
in residential care (Hayne and Fleming, 2014). 
2.7 Lighting Quality 
Adequate lighting (natural and electric) is necessary to assist people to carry out tasks safely and 
comfortably. Adequacy of lighting is commonly described in terms of illuminance, which is the 
amount of light impinging on a surface or task, measured in lumens/m2 or lux (Race, 2006).  
Ageing may have a strong impact on vision and different types of visual impairment may occur 
in the elderly (Sinoo, van Hoof and Kort, 2011), such as:  
 reduced field of vision and increased distance at which an object can be brought into 
focus;  
 weaker colour and contrast discrimination;  
 longer times required to adapt to different light conditions and longer times to recover 
from the effect of glare; and 
 increased scattering of light in the eye and reduced light transmission through the lens 
of the eye.  
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A 70-year old person may require around three times the luminance needed by a 20-year old 
person (CIBSE, 2006). Data collected in two studies conducted in Australian nursing homes 
between 1992-1996 have shown that over 31% of nursing home residents had visual impairment 
(Taylor et al., 2005). Therefore, in nursing homes every room must be correctly illuminated and 
extreme variations between different areas should be avoided.  
Ensuring an adequate light level inside residential care homes can improve and enhance the 
wellbeing of the residents as well as facilitate performance of tasks by caregivers. The most 
important benefits of adequate light levels are related to (Sinoo, van Hoof and Kort, 2011; 
Hanford and Figueiro, 2013): 
 Visual access and tasks performances, supporting the ability to see objects and 
improving the performance of task (e.g. reading, etc.); 
 Falls prevention; 
 Circadian rhythm stimulation during the day; and 
 Minimisation of sleep disturbances. 
2.7.1 Falls Prevention 
In 2011-2012, about 96,000 Australian aged 65 years and over were hospitalized because of 
fall-related injuries (AIHW, 2016b). Ageing is often related with impairments of the visual 
system and balance control and this can lead to increased risk of falls among the elderly. An 
appropriate use of lighting can enhance the location of obstacles in the room and provide a 
spatial reference for self-positioning, preventing falls (Figueiro et al., 2008). During the day, 
lighting should provide a good illumination level, enhance contrasts and reduce glare 
(Illuminating Engineering Society, 2009). During the night lighting should be used to highlight 
architectural features in the space when the light levels are low, while minimizing disturbance to 
other residents who are sleeping. The use of motion sensors eliminates the need to find switches 
in the dark and accentuation lighting such as strips of light emitting diodes (LEDs) can be used 
to accentuate pathways or the presence of obstacles (Hanford and Figueiro, 2013) 
2.8 Quantitative Assessment of the Indoor Environment 
The main purpose of a building is to provide a comfortable environment which enhances safety, 
health, wellbeing and productivity of all the occupants (Deuble and de Dear, 2014). 
Unfortunately, in many buildings the needs of the end users have not always been sufficiently 
highly prioritised in the design process and often buildings are far from being well-tuned, 
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reliable and tested when built (Heinzerling, 2012). Furthermore, many occupants are not 
capable of operating the building properly. As a result, some buildings may be operated 
inefficiently and some occupants may be unsatisfied with their environment.  
While performance of a building can be assessed quantitatively, dissatisfaction is subjective. To 
overcome this problem engineers and architects have developed standardized assessment tools 
which can be used to determine how well a space or a building is performing from the 
occupants’ point of view (Heinzerling et al., 2013). Building performance is a broad category 
which covers many different areas (e.g. efficiency, comfort and health), therefore, the scope of 
this present literature review is necessarily limited to tools used to evaluate Indoor 
Environmental Quality (IEQ) in buildings. 
There is a wide range of IEQ assessment tools currently available in the literature and despite 
their common aim to assess IEQ, they often differ in objectives, type of questions asked, 
structure, length and time to complete and type of data collected (Peretti and Schiavon, 2011). 
Moreover, some tools only assess the subjective responses of the occupants, while others 
compare subjective responses with quantitative assessment of environmental parameters 
(Heinzerling et al., 2013).  
2.8.1 IEQ Surveys 
Surveys are often one of the simplest and cheapest methods to gather information from the 
building occupants (Heinzerling et al., 2013). Surveys can be divided into two main sub-groups: 
long-term evaluation and point-in-time surveys (ANSI and ASHRAE, 2013a). The former are 
not always associated with the physical measurement of environmental parameters, while the 
latter is (Peretti and Schiavon, 2011).  
Long-Term Evaluation Surveys 
Long-term evaluation surveys usually comprise a combination of open-ended and closed-ended 
questions. Close-ended questions are normally answered using a 7- or 9-point scale ranging 
from ‘very satisfied’ to ‘very dissatisfied’ (ANSI and ASHRAE, 2013a) and participants are 
asked to rate the performance of the building over the last year or six months. Open-ended 
questions are generally used to identify the main causes of dissatisfaction or to gather feedback 
from the occupants. Building surveys commonly cover the following areas: environmental 
factors (e.g. thermal and acoustic comfort); operational factors (e.g. cleanliness); personal 
environmental control over physical environment; and wellbeing, health, and productivity 
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(Peretti and Schiavon, 2011). Individual answers are then combined using a standardized 
methodology to calculate overall and partial scores (Deuble and de Dear, 2014). Questionnaires 
which may be administered in web-based or paper version form are generally anonymous. The 
most widely used long-term evaluation surveys are the Building Use Studies Ltd. (BUS) survey 
(Leaman, 1995) and the Centre for the Built Environment (CBE) survey (Center for the Built 
Environment, 2014). 
The major limitations of long-term evaluations are (Peretti and Schiavon, 2011; Heinzerling, 
2012; Heinzerling et al., 2013; Deuble and de Dear, 2014): 
 the lack of a standardized approach and clear guidelines;  
 lack of standardized indicators and benchmarks; 
 lack of reliability if surveys are not conducted in parallel with monitoring physical 
environmental parameters; 
 complexity of some questions.  
Point-in-Time Surveys 
Point in time surveys are used to determine thermal perceptions of occupants at a specific 
moment in time and they have been widely used by researchers to determine the correlation 
between indoor environmental factors and thermal comfort perceptions of occupants (ANSI and 
ASHRAE, 2013a). Over recent decades, a wide number of point-in-time surveys have been 
developed, which have aimed to collect different aspects of subjective issues such as global 
(whole body) or local (specific part of the body), perceptions or preferences. Thus, in 1995, ISO 
10551 was written to define and explain how to use judgment scales to reliably collect data on 
subjective aspects of thermal comfort and thermal stress of the whole body (ISO, 1995). The 
standard also provides instructions on the wording to be used during the survey to reduce bias 
that could be caused by the use of inconsistent or inappropriate instructions. 
Comparison between Long-Term Evaluation and Point-in-Time Surveys 
Results obtained using point-in-time surveys are generally more reliable than those obtained 
with long-term evaluation surveys, because indoor environmental parameters are measured in 
the near spatial and temporal proximity of the person who is completing the questionnaire. 
Furthermore, point-in-time surveys allow facilitate reporting of unsatisfactory IEQ conditions in 
real time, offering an excellent opportunity to managers and staff to act promptly to improve 
IEQ conditions. While in long-time surveys, because data are analysed on a longer timeframe, 
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contextual data may become lost or forgotten, hence data become less relevant for clinical 
practice. However, to obtain meaningful results in point-in-time surveys, participants must be 
exposed to a wide range of indoor environmental conditions; consequently, implementing point-
in-time surveys is generally costly and complex (ANSI and ASHRAE, 2013a).  
Long-term evaluation surveys are generally easier and cheaper to implement; however, they 
provide meaningful results only if they are used in parallel with a quantitative assessment of the 
performance building, i.e. measurement of IEQ factors (Deuble and de Dear, 2014). Long-term 
evaluation surveys have been mostly used to assess performance of office buildings; while, 
limited benchmark data is available regarding performance of nursing homes. Moreover, in 
Australian nursing homes approximately 38% of the residents were in residential care for less 
than a year (27% of the total for less than 6 month) (AIHW, 2012b) consequently some seasonal 
effects may only be experienced by a sub-sample of the participants. 
In conclusion, despite both point-in-time surveys and long-term evaluation surveys can be used 
to assess occupants’ satisfaction and perceptions of their environment, they are generally 
employed to answer different research questions. Point-in-time surveys are mostly used to 
determine how variations in IEQ conditions influence perceptions of buildings occupants, while 
long-term evaluation surveys are mostly used to assess performance of buildings.  
Mobile Monitoring Equipment 
A wide range of mobile monitoring equipment is currently available to accurately measure and 
monitor IEQ parameters (i.e. air temperature, relative humidity, air velocity), however, to the 
authors’ knowledge, only a limited range of multi-parameter equipment can be used to assess 
IEQ parameters in accordance with the requirements imposed by ISO 7726 and ASHRAE 55-
2013 thermal comfort standards. Thus, one of the major challenges in monitoring the indoor 
environment is to find accurate and reliable equipment (Heinzerling et al., 2013).  
Furthermore, the majority of multi-parameter IEQ measurement devices which are available on 
the market are bulky and intrusive, making it almost impossible for a single researcher to assess 
all IEQ factors while conducting point-in-time surveys. Hence, researchers have developed and 
designed a variety of mobile carts that hold a variety of sensors to be used in field studies and in 
building audits (Heinzerling, 2012). However, since the majority of thermal comfort studies 
have been conducted in offices or in commercial buildings, the impact of the mobile equipment 
on behaviours of occupants was not usually considered to be a primary concern. Whereas, the 
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possible impact that equipment used to assess IEQ in nursing homes may have on residents of 
nursing homes cannot be ignored and in addition the equipment should not interfere with the 
provision of care. Hence, a clear gap identified in the present literature review was the need to 
develop a non-intrusive set of equipment and associated methodology to be used in assessing 
IEQ parameters in nursing homes. 
2.8.2 Environmental Audit Tools for Dementia Specific Facilities 
In parallel with the IEQ audit tools developed by engineers and architects, a set of audit tools 
have been developed by health scientists to systematically assess the environment of dementia 
units in nursing homes. One of the first tools ever developed was the Multiphasic 
Environmental Assessment Procedure (MEAP), developed in 1980s, which was designed to 
assess a variety of residential environments for older people (Moos and Lemke, 1982). The 
MEAP is a very detailed assessment tool, which can only be used by trained researchers. One of 
the major limitations of the MEAP is that its score is biased towards large institutional settings 
(Fleming, 2011).  
To overcome the limitations of the MEAP, the Therapeutic Environment Screening Survey for 
Nursing Homes (TESS-NH) was developed. The TESS-NH contains 84 discrete items plus one 
global item and covers 13 domains. These domains include exit control, maintenance, 
cleanliness, safety, orientation/cueing, privacy, unit autonomy, outdoor access, lighting, noise, 
visual/tactile stimulation, space/seating, and familiarity/home likeness (Sloane et al., 2002). 
Although the TESS-NH has some problems concerning internal consistency across some of the 
domain scores, and hence does not provide an estimated total score for the facility as a whole 
(Fleming, 2011), it nevertheless has become the gold standard for assessment of environments 
used by people with dementia.  
Two additional scales where subsequently developed to overcome the limitation of the TESS-
NH: the Special Care Unit Environmental Quality Scale (SCUEQS) which comprises items 
from several domains; and the Professional Environmental Assessment Protocol (PEAP) which 
supplemented the TESS scale (Lawton et al., 2000). However, because the TESS-NH takes half 
of the time than the PEAP and can be used by researchers only after 8-hours of training, it is still 
widely used.  
In recent years, the Environmental Audit Tool (EAT) was developed to overcome the 
limitations of the previous tools. The EAT comprises 72 items which are grouped in 10 
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principles. Fleming (2011) argued that the environment used by people with dementia should: 
be safe and secure; be small; be simple with good visual access; have unnecessary stimulation 
reduced; have helpful stimuli highlighted; provide for planned wandering; be familiar; provide 
opportunities for a range of social interactions from private to communal; encourage links with 
the community; and be domestic in nature providing opportunities for engagement in the 
ordinary tasks of daily living (Fleming, 2011). Questions in the EAT are generally answered 
with a ‘Yes’ or ‘No’ and may have a ‘Not Applicable’ option and the total score is the mean of 
the subscale scores. The EAT was found to have better internal consistency in its subscales and 
to be easier to use than the TESS-NH. 
2.9 The Australian Context 
As is the case for many other developed countries worldwide, Australia is experiencing a major 
demographic shift towards an older population. In June 2012, more than 3.2 million people were 
aged 65 years and over (ABS, 2013a) and in the next fifty years, this age group is expected to 
experience the highest growth rate of all age groups (ABS, 2013b). As a result of an ageing 
population the Aged Care Financing Authority is expecting that the residential sector will need 
to build approximately 76,000 additional places (Figure 2-2) over the next decade (ACFA, 
2016).  
 
Figure 2-2 Projections of the number of operational residential aged care places required in 
the next decade 2015-2016 (ACFA, 2016). 
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2.9.1 Australian Nursing Homes 
Nursing homes in Australia are homes for frail, older people who are unable to perform 
everyday activities independently. Approximately 70% of the total funding for residential aged 
care is provided by the Australian Government, which pays providers of the service on behalf of 
the care recipients (DSS, 2014). On the 1st of January 2014, with the Australian Aged Care 
Quality Agency Act 2013, the Government established the Australian Aged Care Quality 
Agency (also known as Quality Agency). The Quality Agency has several functions, amongst 
which is the accreditation of residential care services and the promotion of high quality of care, 
innovation and continuous improvement (AACQA, 2015). 
The main objectives of the accreditation process are to: ensure that the aged care services 
provide high quality care and accommodation; enhance wellbeing and health of residents; 
provide services which suit needs of care recipients; help residents enjoy their time; and to 
ensure that people are treated fairly (DSS, 2014). Nursing homes in Australia, can receive 
government subsidies only if they meet the residential aged care Accreditation Standards (DSS, 
2015). The Accreditation Standards cover four main specific areas: management, health and 
personal care needs, lifestyle and living environment. Standard 4 “Physical environment and 
safe systems” aims to ensure that residents live in a safe and comfortable environment which 
enhance quality of life and welfare of all building occupants (care recipients, staff and visitors). 
Standards 4 contains several minimum prerequisites that facilities need to meet to be accredited, 
however, it does not impose any minimum prerequisite in regards to thermal comfort or energy 
efficiency. To the present author’s knowledge, only the Queensland Government provides 
general thermal comfort guidelines for residential aged care facilities in Australia; suggesting 
that under normal circumstances HVAC systems shall be capable of maintaining internal 
temperatures at 24±1°C in summer. However, it also suggests that in hot regions indoor 
temperature could be maintained at 7 to 10°C below outdoor temperature. While in winter the 
heating system should be capable of maintaining indoor air temperatures of 21±1°C 
(Queensland Government, 1999). 
As a result of the lack of standards it would appear that many aged care facilities across 
Australia have not been designed to provide very precise indoor environmental comfort 
conditions and are often energy inefficient (OEH, 2014), since these factors were not considered 
significant when they were originally designed and built. An improvement of the current 
regulatory system may, therefore, be required firstly to improve the quality of care and 
35 
 
accommodation for the residents, secondly to reduce the carbon footprint of the aged care sector 
and thirdly to minimise energy bills. 
2.9.2 Dementia in Australia 
In 2016, there were approximately 400,000 people with dementia in Australia with an annual 
grow rate of 3.8% (Brown, Hansnata and La, 2017). Dementia is considered to be one of the 
major health problems in Australia, and in 2016 it was the second leading cause of deaths of 
Australian (Brown, Hansnata and La, 2017). Table 2-1 shows the estimated number of people 
with dementia by age and gender in 2016 and 2036. 
Table 2-1 Estimated number of Australians with dementia, by age and gender in 2016 and 2036 
(Brown, Hansnata and La, 2017). 
 
Dementia is one of the leading causes of institutionalisation of older adults, resulting in more 
than half of the care recipients in Australian nursing homes having dementia. In 2015, 
approximately 51% and 53% of male and females who were living permanently in residential 
aged care facilities had dementia, respectively (Brown, Hansnata and La, 2017). Table 2-2 
shows data from the Aged Care Funding Instrument (ACFI), a resource allocation tool. 
Residents with dementia residing in Government-subsidised aged care facilities needed a high 
level of care than residents without the condition (AIHW, 2012a).  
Table 2-2 Assessed overall need for care of permanent residents with dementia in Australia 
Government-subsidised aged care facilities, by dementia status and sex, 2009-10(%) (AIHW, 
2012a) 
Male Female Male Female Male Female Total
No. No. No. % No. No. No. % % % %
30-64 13,310 12,090 25,400 6.3 16,983 15,466 32,450 4.3 27.6 27.9 27.8
65-69 17,670 26,867 44,536 11.1 23,378 36,515 59,893 7.9 32.3 35.9 34.5
70-74 27,320 19,765 47,085 11.7 43,121 32,203 75,324 9.9 57.8 62.9 60
75-79 33,605 36,038 69,643 17.4 64,754 71,270 136,024 17.9 92.7 97.8 95.3
80-84 34,304 41,030 75,334 18.8 75,744 85,034 160,778 21.1 120.8 107.2 113.4
85+ 51,960 86,874 138,834 34.6 125,528 170,675 296,204 38.9 141.6 96.5 113.4
Total 178,169 222,664 400,833 100 349,509 411,163 760,672 100 96.2 84.7 89.8
Total Total
2016 2036 Growth 2016-36
 With dementia Without dementia 
Overall need for care Males Females Persons Males Females Persons 
High care 87.2% 86.5% 86.7% 66.1% 61.8% 63.2% 
Low care 12.8% 13.5% 13.3% 33.9% 38.2% 36.85 
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
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The ACFI is used to assess, on a four point scale, each resident on three fundamental domains: 
activities of daily living; behaviour characteristics and complex health care needs. Data showed 
that about 62% of residents with dementia scored the highest possible rating in the behaviour 
characteristic domain of the ACFI, scoring almost three times higher than the proportion of 
other residents (AIHW, 2012a). Figure 2-3 presents the aggregate total direct costs of dementia 
and shows that in 2016 the total annual direct cost of dementia was estimated to be $AUD 8.8 
billion in 2016 and this figure is projected to reach $AUD 24.1 billion (in 2016 AUD dollars) by 
2056 (Brown, Hansnata and La, 2017). 
 
Figure 2-3 Aggregate total direct costs ($AUD 2016 million) of dementia by cost components 
2016-2056 (Brown, Hansnata and La, 2017). 
2.10 Literature Review Summary  
This chapter has provided a review of the relevant literature in the major areas of knowledge 
related to the objectives of this study. Ageing of the population is among the major challenges 
that Australia will have to face in the near future (Hon and Swan, 2010). This will have a 
significant impact on government spending since more and more people will be diagnosed with 
dementia and may need aged care support, consequently more facilities will need to be built.  
At 30 June 2012, about 52% of those living in Government subsidised aged care facilities had 
dementia (AIHW, 2013a). In 2010 dementia was the third leading cause of death in Australia 
(AIHW, 2012a). It has a substantial impact on the lives of the people with the condition and it 
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dramatically affects lives of their caregivers as well. Dementia is a progressive condition in the 
majority of the cases, i.e. it worsens over time (AIHW, 2012a). To date there is no treatments 
available to cure it. People with dementia may have difficulties in evaluating and judging 
external stimuli and they may be extremely sensitive to even small changes in the environment 
(van Hoof and Kort, 2009).  
Nursing homes generally have gardens or yards that residents can use to spend time outdoors, 
however, not all outdoor areas are easily accessible, safe, have comfortable sitting areas or 
round-trip walkways. In addition, in nursing homes there is not always a clear indoor-outdoor 
connection; doors are often locked and outdoor areas do not always have sheltered areas to 
protect residents from direct sunlight or rain. Consequently, previous studies have found that the 
great majority of residents in nursing homes spend the majority (up to 100%) of their time 
indoors (Mendes et al., 2015; van Hoof et al., 2017). As a result of the fact that residents spend 
most of their time indoors, indoor areas should be designed to reduce unnecessary stimulation 
and to improve health and wellbeing of occupants (Fleming et al., 2016). Nevertheless, many 
facilities across Australia have not been designed to enhance indoor environmental comfort and 
are often energy inefficient (OEH, 2014), since these factors were not considered to be of 
primary importance when facilities were originally designed and built.  
Numerous studies have tried to improve our understanding of how occupants perceive the 
indoor environment, which factors can affect their perceptions, and which combinations of 
conditions are considered as comfortable. Based on these studies many standards have been 
published by different organizations worldwide (e.g. ASHRAE 55-2013, ISO 7730). 
Nevertheless, most of these standards are only applicable to healthy adults (ANSI and 
ASHRAE, 2013a) and they are not applicable to people with physical disabilities (ISO, 2005b). 
To date, there is no clear understanding of how the indoor environment is perceived by the 
elderly, particularly with regard to elderly people affected by dementia (van Hoof, Kort, 
Hensen, et al., 2010, p. 368), and more research is needed to address these issues. 
As a result, limited guidelines are currently available for the Australian aged care sector 
addressing design and performance issues in regards to IEQ. More research is, therefore, needed 
to: 
1. Assess thermal comfort conditions and IEQ in typical existing accredited Australian 
aged care facilities; 
2. Develop a non-intrusive methodology to assess IEQ parameters, perceptions of 
occupants and agitated behaviours in people with dementia; 
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3. Determine the influence of unsatisfactory IEQ conditions on the manifestation of 
agitated behaviours in residents with dementia of nursing homes; 
4. Analyse perceptions and preferences of occupants in nursing homes (including staff, 
visitors and residents with mild or no symptoms of dementia); and 
5. Understand the implications of enhancing thermal comfort conditions and IEQ in 
nursing homes on the satisfaction and wellbeing of occupants, including residents, staff 
members and visitors. 
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3 Description of the Case Study Nursing Homes 
This chapter describes the case study aged care facilities were the study was conducted. 
3.1 Data Collection 
This research was conducted in six accredited nursing homes, all located in south-eastern NSW. 
Walk-through audits of the sites were used to gather the following data about each facility: 
general site characteristics (e.g. construction date, number of occupants); occupancy profiles; 
construction materials and characteristics of the building envelope (e.g. type of windows and 
doors, thermal insulation); and the types of HVAC system utilised, if any. The study was 
conducted over a period of 3 years, from February 2014 to January 2017. 
3.2 Description of the Case Study Facilities 
Data was collected at six facilities located in south-eastern NSW. Figure 3-1 shows the 
geographical location of the nursing homes where the study was conducted. 
 
Figure 3-1 Geographic locations of the six nursing homes where the study was conducted. 
Different colours have been used to show the climatic zone in which the facilities were located 
(orange – Zone 5; black – Zone 6; blue – Zone 7), as defined in the National Construction Code 
of Australia (ABCB, 2012). 
The six case study facilities were located in geographically diverse areas with diverse climates. 
One facility was located in Goulburn a regional city of the Southern Tablelands, which is 
located in a cool temperate zone. One facility was in Bundanoon, which is characterised by a 
mild temperate climate. While the other 4 facilities were all in the Wollongong/Shellharbour 
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region, and were located in a warm temperate zone. Detailed information about the climatic 
zone of each city is provided in Table 3-1. 
Table 3-1 Climatic zone and elevation of each location. 
 Location Elevation (m) National construction code (NCC) Köppen–Geiger climate classification 
Albion Park Rail 9 5 Cfa 
Bundanoon 670 6 Cfb 
Coniston 43 5 Cfa 
Goulburn 643 7 Cfb 
Mount Warrigal 77 5 Cfa 
Warilla 3 5 Cfa 
Table 3-2 shows the long-term monthly mean maximum temperature and mean minimum 
temperature recorded by the weather stations of the Australian Bureau of Meteorology. While 
the highest monthly mean maximum temperatures did not vary significantly across the three 
locations, the lowest mean minimum temperature was significantly lower in Goulburn and 
Bundanoon than in Albion Park. Figure 3-2 shows the outdoor temperature data measured, 
logged and analysed by the present author during the study period at each of the case study 
facilities. Please see (Appendix A) for a detailed explanation on how to interpret a boxplot. The 
lowest mean minimum and highest mean maximum temperatures were recorded in Goulburn 
during winter and summer, respectively. Bundanoon had a similar outdoor temperature as 
Goulburn, however, lower outdoor temperatures were recorded over summer in Bundanoon. 
While the remaining four facilities had smoother outdoor temperature profiles, with mean 
maximum temperatures in the high twenties during the warm season and mean minimum 
temperatures in winter between 10 and 15°C. 
Table 3-2 Monthly mean maximum temperature (°C) and mean minimum temperature (°C) of 
the geographic locations where the study was conducted. Yearly minimum and maximum 
monthly mean temperatures for each geographic location is highlighted (Australian Bureau of 
Meteorology, 2016). 
Weather Station 
Location 
Temperature 
(°C) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Years 
Goulburn TAFE 
Mean max. T 27.7 26.4 24 20 15.9 12.3 11.5 13.2 16.5 19.8 22.8 25.9 19.7 
1971-
2016 
Mean min. T 13.6 13.6 11.3 7.8 4.6 2.6 1.6 2.2 4.6 7 9.6 11.8 7.5 
1971-
2016 
Bundanoon – 
Moss Vale 
Mean max. T 25.9 24.3 22.1 19 15.5 12.6 11.7 13.4 16.7 19.6 22.1 23.8 18.9 
2001-
2016 
Mean min. T 13.9 14.1 11.8 8.5 4.7 3.5 2.4 2.9 5.4 7.7 10.6 12 8.1 
2001-
2016 
Wollongong - 
Albion Park 
Mean max. T 26.7 26.2 25.2 23.1 20.6 18.1 17.6 18.8 21.4 23.1 23.9 25.3 22.5 
1999-
2016 
Mean min. T 16.8 17.1 15.4 12.2 8.8 7.2 6.3 6.5 8.5 10.7 13.4 15.1 11.5 
1999-
2016 
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Figure 3-2 Monthly outdoor temperature data measured at the case study facilities during the 
study period (data was collected from 1/09/2015 to 11/01/2017). 
In Table 3-3 the key features of the case studies facilities have been summarised together with a 
detailed description of each facility. None of the facilities had photovoltaic panels or solar hot 
water panel systems installed. 
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Table 3-3 Key features of the case study facilities. National Construction Code (NCC); Air Conditioning (A/C) air conditioning unit. 
Site 
location 
NCC 
climatic 
zone 
N of beds (N 
beds 
dementia 
section) 
Floor area - 
m2 per 
resident  
Building features 
Construction date
External 
walls 
Lighting Windows Ceiling 
Bedrooms 
Common 
areas Heating Cooling 
Albion Park 
Rail 
Zone 5 150 (13) 
7040m2 – 
46.9m2/res 
First section 1993; 
second section 
1997; third section 
2008 
Double-
brick no 
insulation 
Incandescent, 
compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Partial 
ceiling 
insulation 
Electric convection 
radiators/hydronic 
radiators/split A/C  
Few rooms 
were 
equipped 
with split 
A/C 
Ducted, split 
and cassette 
A/C  
Bundanoon Zone 6  90 (25) 
5410m2 – 
60m2/res 
2007 
Double-
brick no 
insulation 
Compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Insulated Split A/C Split A/C Ducted A/C 
Coniston Zone 5 62 (14) 
1651m2 – 
26.6m2/res 
1955 
Double-
brick no 
insulation 
Incandescent, 
compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Unknown Ducted/gas heater No 
Split or 
cassette A/C 
Goulburn Zone 7 160 (25) 
6570m2 – 
41.1m2/res 
2008 
Double-
brick no 
insulation 
Compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Insulated Split A/C Split A/C Ducted A/C 
Mount 
Warrigal 
Zone 5 40 (0) 
1945m2 – 
48.6m2/res 
First section 1968; 
1985 were added 
40 beds 
Double-
brick no 
insulation 
Incandescent, 
compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Unknown 
Electric convection 
radiators and hydronic 
radiators 
No 
Split A/C 
dining room 
Warilla Zone 5 101 (55) 
3271m2 – 
32.4m2/res 
1984 
Double-
brick no 
insulation 
Incandescent, 
compact and 
tubular fluorescent 
lamps 
Single 
glazed, 
metallic 
frame 
Partial 
ceiling 
insulation 
Hydronic radiators No 
Split A/C 
dining room, 
cassette A/C 
installed 
2/2016 
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3.2.1 Goulburn 
The Goulburn facility was the most recently built among the six case study nursing homes. It 
was a single-storey building which could host 160 residents and the great majority of them had 
their own individual room. The facility was divided into three main sections: dementia care, 
high care and low care. The dementia section was the smallest section and could host 13 
residents with severe cognitive impairments or high care needs.  
Despite that the facility having been recently constructed and located in a cool temperate zone, 
the onsite maintenance manager reported that the external walls were not insulated, and only the 
ceiling was insulated.  
Centralized, ducted air-conditioning systems provided heating, cooling and ventilation in the 
common areas and in corridors; and set-point temperatures were manually adjusted by staff 
members using zone thermostats installed across the whole facility. An individual reverse-cycle 
air conditioner provided heating and cooling to each bedroom, and was controlled by the 
occupant or staff members using a hand-held remote controller. Figure 3-3 shows that the 
outdoor ‘compressor’ units of each air conditioner serving the bedrooms. The outdoor units 
were all installed next to the only window of each bedroom.  
All the windows in the bedrooms were openable by occupants, and they did not have any 
specific external shading devices attached, but were shaded at times by the eaves of the 
building.  
  
Figure 3-3 Nursing home in Goulburn. 
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3.2.2 Bundanoon 
The Bundanoon facility was built in 2007 and had similar building characteristics as the nursing 
home in Goulburn (i.e. type of external walls, HVAC systems). The Bundanoon facility could 
host 90 residents and was divided into three main sections: dementia care, high care and low 
care. The dementia section could host 25 residents with severe cognitive impairment or high 
care needs; whilst at the time of the study, about 30 residents with mild or moderate cognitive 
impairments were living in the other two sections.  
As for the Goulburn facility, the onsite maintenance manager reported that the external walls 
were not insulated, and only the ceiling was insulated. The HVAC systems installed in this 
facility had the same characteristics as described above for the Goulburn facility.  
The great majority of residents had their own individual bedroom, which had openable 
windows.  
 
 
Figure 3-4 Nursing home in Bundanoon. 
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3.2.3 Warilla 
The Warilla high care ward was built in the 1980s, however, the dementia section was built in 
the 1990s. The facility was a single-storey building which could host a total of 101 residents and 
comprised two main sections: dementia care (54 residents) and high care. Only the ceiling of the 
dementia section was partially insulated with cellulose insulation installed immediately above 
the ceilings in the 1990s.  
Heating at the facility was provided by four centralized hydronic gas-fired boilers which 
supplied hot water to hydronic wall radiators. The boilers had no zone or room thermostat 
controls that could regulate the heating output delivered to each room, and they were manually 
turned on and off at the beginning and at the end of the cold season by the maintenance team. 
Only a few common areas (i.e. laundry, reception, dining rooms) and the managers’ offices 
were equipped with reverse-cycle air conditioners, which were individually controlled by staff 
members using hand-held remote control units or zone thermostats. Ceiling fans were installed 
in 2013 in almost all rooms and occupants had full control on their operation through 3-
speed/on-off control units mounted on the wall.  
Occupants could also control opening/closing of windows, but could not adjust external window 
shading structures (Venetian awnings). Most of the residents shared their bedrooms with 3 other 
residents, and only a few of them had their own individual room.  
  
Figure 3-5 Nursing home in Warilla. 
3.2.4 Albion Park Rail 
The Albion Park Rail facility was built in three different stages. Two sections were built in 
1993, and then two new wards were opened in 1997 and in 2008, respectively. The facility was 
a single-storey building and could host a total of 150 residents, 11 of which were living in the 
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dementia section. Despite the fact that the facility had been built in three different stages, the 
building envelopes of the different wards had similar features. The facility had double-brick 
external walls with no insulation.  
In the oldest section of the facility, heating in the bedrooms was provided by plug-in electric 
convection radiators, however, residents did not have personal control over the heater 
temperature set-point since the thermostats were locked and set at 21°C. Bedrooms were not 
equipped with cooling systems, as a result some residents installed their own split-system air 
conditioning units to cool their bedrooms during the warm seasons. A few ‘cassette’ air 
conditioning units were installed in the ceilings of the corridors to provide cooling and heating, 
which were controlled by thermostats installed in relatively close proximity to each cassette 
unit. All dining rooms were equipped with reverse-cycle air conditioners. The section of the 
facility that was constructed in 1997 had hydronic wall radiators which were controlled by 
thermostatic flow control valves. Only the common area and corridors had ducted air 
conditioning systems that were controlled by a central control unit installed in the nurses station. 
Reverse-cycle air conditioners were installed in all the bedrooms of the newest ward, and they 
were controlled using hand-held remote control units. Ducted HVAC systems provided cooling 
and heating to the common areas and were controlled by zone thermostats installed across the 
ward. Occupants could open and close the windows in their bedrooms and the majority of the 
residents had their own individual room, however, some bedrooms were shared by 2, 3 or 4 
residents.  
  
Figure 3-6 Nursing home in Albion Park Rail. 
3.2.5 Mount Warrigal 
The Mount Warrigal facility was the smallest in terms of number of residents, among the six 
case study nursing homes. The facility was originally built in 1968; however, in 1985 the 
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original building was expanded and new bedrooms were built. The facility could host a total of 
40 residents, all having their own individual bedrooms, and comprised three main sections, built 
on different ground levels, all interconnected by internal ramps or stairs.  
One section of the facility was heated during cooler months by a hydronic gas-fired boiler 
which supplied hot water to hydronic wall radiators; while the two remaining sections of the 
facility were heated using plug-in electric convection radiators which were installed in 2015. 
Residents had full control of the opening/closing of the windows in their rooms. Bedrooms did 
not have cooling provided; as a result some residents installed their own reverse-cycle air 
conditioners. Cooling was available only in the main dining room and in the sitting areas, and 
was provided by reverse-cycle split air conditioners.  
 
Figure 3-7 Nursing home in Mount Warrigal. 
3.2.6 Coniston 
The Coniston facility was built in the late 1950s as a three-storey building, however, residents 
only had access to the upper two floors. The building was built on the south side of a small hill 
and the entrance to the facility was on the topmost floor, where the high care ward was also 
located. The dementia ward was accessible via an internal staircase and was located on the floor 
below the high care ward. A total of 62 residents were living in the facility, out of which 14 
were living in the dementia unit.  
Heating was provided by a ducted ventilation system; while, common areas (dining rooms, 
corridors, and sitting rooms) were equipped with reverse-cycle air conditioners and their 
operation was manually controlled by caregivers.  
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The great majority of residents shared their bedrooms with other three people. One side of the 
facility faced the hill and some bedrooms were surrounded by other internal spaces, thus, they 
did not have external windows. However, where windows were present, occupants had full 
control of their opening and closing.  
  
Figure 3-8 Nursing home in Coniston. 
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4 Indoor Environmental Quality in the Case Study Facilities 
The quality of the indoor environment in nursing homes is emerging as a key factor in the aged 
care sector, which not only influences perceptions of occupants but may also affect health, 
defined as: “the ability to adapt and self-manage” (Huber et al., 2011), of residents with 
dementia (Sloane et al., 2002). However, many nursing homes were not originally designed and 
built to maintain high standards of IEQ; as a result, residents may be exposed to unsatisfactory 
environmental conditions and unnecessary stimuli which may worsen their quality of life. Thus, 
in Australia, to ensure that a high level of care is provided, all nursing homes who receive 
Government subsidies must be accredited and comply with the minimum requirements imposed 
by the Accreditation Standard (AACQA, 2011).  
One of the aims of the present study was to answer the following research question: ‘Are 
accredited Australian nursing homes providing acceptable IEQ conditions to occupants?  
4.1 Aged Care Facility Indoor Environment: Legislative and Accreditation 
Requirements 
An important part of the initial research carried out in the present study was an investigation 
into the legislative and accreditation requirements governing provision and assessment of the 
indoor environment in aged care facilities.  
At the time of writing, in Australia the Aged Care Act 1997 (the Act) and the supplementary 
Aged Care Principles defines the legislative framework for subsidising and regulating the aged 
care sector. The Australian Aged Care Quality Agency (AACQA) conducts accreditations of 
residential age care services and performs quality reviews of aged care services to ensure that all 
residents who live in Australian Government subsidised homes receive high standards of care.  
In an effort to understand the methodology by which assessors undertook audits in practice, the 
present author contacted the AACQA in 2015 and approached an aged care provider who was 
undergoing accreditation. The present author was informed that the assessment of the indoor 
environment in aged care facilities was qualitative. During the accreditation audits, the quality 
of the indoor environment is assessed by asking questions of occupants (staff members and 
residents) and by reviewing the incident report database to ensure that no incident was directly 
caused by poor performance of the physical environment. Assessors do not currently conduct 
spot measurements to assess IEQ parameters.  
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4.2 Research Method 
The scope of this study was limited to the assessment of:  
 indoor air temperature and relative humidity; 
 the environmental design of the dementia specific unit; 
 illuminance levels throughout the facilities; 
 sound levels; and 
 perceptions of occupants in regard to their indoor environment. 
The study was approved by the University of Wollongong Human Research Ethics Committee 
(Appendix B - HE14/478 and Appendix C - HE15/235).  
4.2.1 Indoor Air Temperature and Relative Humidity Measurements 
Stand-alone iButton® sensors/data loggers (Maxim Integrated, 2015) were used to measure dry-
bulb air temperature and relative humidity. iButtons® were small, cylindrical data loggers 17.5 
mm in diameter and 6 mm deep which were able to measure temperature with an accuracy and 
resolution claimed by the manufacturer of ±0.5°C (with an operating range from -40°C to 85°C) 
and relative humidity with an accuracy and resolution of ±5%, which, therefore, met the 
accuracy requirements of ISO 7726:1998 standard (ISO, 1998). Data was collected at hourly 
intervals from 1st September 2015 to 11th of January 2017. The sensors/data loggers were 
installed on internal walls using double-sided adhesive tape, at the approximate abdomen 
heights of the occupants when sitting/reclining (0.6 m) and standing (1.1 m) as suggested by 
ISO 7726:1998. The specific height of each sensor was selected based on the most common 
type of activity and body position of occupants at a given location. Sensors were placed next to 
the location were occupants were spending the majority of their time indoor, for instance in 
bedrooms sensors were placed on bed side tables next to the resident’s bed while in offices 
sensors were placed on main desk. The location of each sensor was selected to avoid direct 
exposure to solar radiation and direct radiation/convection from neighbouring heat sources. 
Temperature and humidity data collected when rooms were unoccupied were not included in the 
analysis. The floor plans of all the six case study facilities in Appendix K show the location 
where each sensor was installed. Please note that occupancy profiles of different indoor areas 
are presented in Table 4-1.  
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The lower and the upper limits of the comfort temperature range were taken to be 20°C and 
26°C, respectively. This range was selected on the recommendations provided in Annex A of 
ISO 7730:2005 Standard (ISO, 2005b). Guidelines from ISO 7730:2005 were used since, at the 
time of writing, the Australian residential aged care Accreditation Standards did not provide 
guidelines in regards to a temperature range to be maintained in nursing homes. Furthermore, 
the World Health Organization suggests that a minimum air temperature of at least 20°C be 
maintained in indoor environments for people with special requirements, to avoid the possibility 
of their body temperature decreasing, potentially leading to hypothermia or other issues (WHO 
and UNEP, 1990). 
In this phase of the research it was decided that air velocity and mean radiant temperature were 
not variables to be recorded during the long-term monitoring. This decision was made for 
several reasons, including the very large amount of additional funding and resources that would 
have been required. Also, despite the fact that local variations in air velocity significantly 
influence occupants’ perception of their environment, monitoring air velocity at a specific 
location would have provided value to the present long-term monitoring study only if it was 
possible to determine that the participant/occupant was close to the sensor at any point in time; 
which was not the case. Air velocity varies significantly as a function of time and space, hence 
measuring air velocity in one single location would not have provided useful information on 
specific participant comfort conditions. In support of this view it should be noted that ASHRAE 
55-2013 (page 45) states that: “Measuring indoor air movement in long-term studies is very 
difficult and rarely done. In many indoor situations the indoor airspeed conforms to the still air 
conditions of the PMV comfort zone (0.2 m/s [40 fpm]), in which case, air speed measurement is 
not necessary”.  
In addition, the decision was taken not to measure mean radiant temperature since values of 
mean radiant temperature are used solely to estimate operative temperature, however, operative 
temperature can only be determined if air velocity values are known. Mavrogianni et al. (2015) 
Table 4-1 Occupancy profiles assumed for the case study facilities by room type.  
Type of room Occupancy profiles 
Bedroom, Toilet and Shower, Corridor, nurses 
station, Staff Dining Room, Corridor 
24 hours 
Dining Room, Lounge, Sitting Room Between 5.00 AM and 11.00 PM 
Physiotherapy Room, Therapy Room, Laundry, 
Office, Treatment Room, Reception  
Between 7.00 AM and 6.00 PM 
Kitchen Between 5.00 AM and 8.00 PM 
Activities Room Between 9.00 AM and 6.00 PM 
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suggests that in long-term studies dry-bulb indoor air temperature can be used as a proxy for 
indoor operative temperature. This is common assumption made in indoor temperature 
monitoring studies due to practical constraints and the increased costs and complexity 
associated with the long-term monitoring of mean radiant temperature and air velocity at a 
number of given locations in a facility (Mavrogianni et al., 2015). Although air velocity was not 
measured in the long-term monitoring phase, the decision was taken to measure it in the near 
proximity of a cassette air conditioning unit using the IEQ Cart (which is described in detail in 
Chapter 5) to determine how the unit affected local thermal environment.  
As detailed in Figure 1-1, the scope of this study was not limited to the study of thermal 
environmental parameters in nursing home. Consequently, in this research phase, illuminance 
and sound pressure levels were also measured to determine how the main case study facility 
performed in regards to acoustic and electrical lighting quality. Because of limited funding and 
human resources available sound pressure levels and horizontal plane illuminance were only 
monitored in the Warilla facility, the main case study facility. 
4.2.2 Horizontal Plane Illuminance  
Illuminance data were collected only at the Warilla facility with the objective of determining 
whether sufficient electric lighting was provided to meet requirements/standards. Data was 
collected indoors at least half an hour after sunset and, where possible, all the lights in the 
rooms were switched on prior conducting the spot measurements as specified in Appendix B of 
the Standard AS/NZS 1680.0:2009 “Interior lighting - Part 0: Safe Movement”. Illuminance 
was measured in those locations where occupants were most likely to spend the majority of their 
time indoors, for example on top of the sink in a bathroom and on the dining table in dining 
rooms. 
4.2.3 Sound Pressure Levels 
Sound levels were continuously measured and recorded at 6 locations (dining room, nurses 
station, and four bedrooms) in the dementia unit of the Warilla facility from March 2015 to 
February 2016. Figure 4-1 shows the locations where the sound level meters were installed in 
the dementia unit (red crosses).  
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Figure 4-1 Floor plan of the dementia unit. Locations of the sound level meters are marked 
using red crosses while locations of the air conditioners are marked using blue crosses. 
In the bedrooms the sound level meters were positioned in the near proximity of the bed, in the 
nurses station the sound level meter was installed on the nurses’ desk, and in the dining room it 
was installed on an internal wall. Sound levels were measured and logged using Extech SDL600 
units, which were capable of recording sound levels with a claimed accuracy of ±1.4 dB 
between 30 and 130 dB and met ANSI and IEC 61672-1 Type 2 standards as required by ISO 
1996-2 (ISO, 2007). The logger was programmed with a sampling rate of 1s and ‘A’ frequency 
weighting. Recordings were stored on the internal memory of the logger and then transferred to 
and analysed on a laptop computer. Each sound logger was calibrated using a B&K Type 4231 
sound calibrator which conformed to EN/IEC 60942 Class LS and Class 1, and ANSI S1.40-
1984 prior commencing data collection.  
Data collected were used to calculate two indices: LAeq,1min, the A-weighted equivalent sound 
pressure level over a period of one minute; and LAFmax, the maximum sound pressure recorded 
during each minute using a ‘fast’ time response (ISO, 2003). Based on the occupancy profiles 
shown in Table 4-1, 24-hour data were grouped in two sets, daytime (5.00-23.00) and night-time 
(23.00-5.00). Sources of sounds were not recorded. 
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4.2.4 Assessment of the Dementia Care Environment 
The Environmental Audit Tool (EAT) (Fleming, Crookes and Sum, 2008) was used to assess 
the quality of the dementia-specific units of the case study facilities from the point of view of 
providing a ‘dementia-enabling environment’. A dementia-enabling environment should 
provide support to both people with dementia and their caregivers. A copy of the EAT is 
provided in Appendix D. The EAT comprises a list of 72 questions grouped by 10 principles of 
good design, as follows: safety; size; visual access; reduction of unnecessary stimuli; 
highlighting of useful stimuli; provision for wandering and outdoor area; familiarity; privacy 
and community; community links; and domestic activities (Fleming, Crookes and Sum, 2008). 
The majority of the questions contained in the EAT can be answered with either ‘YES’ or ‘NO’, 
with ‘YES’ generally indicating the presence of a desirable feature. Occasionally some 
questions have a ‘Not Applicable’ option and extra points can be obtained when features are 
unobtrusive to residents. For each design principle the subscale percentage score is calculated 
by dividing the actual score by the maximum possible score for that section, and the EAT total 
score is the arithmetic mean of the 10 subscale percentage scores. The EAT data was collected 
by a single assessor visiting all the case study facilities with a dementia specific unit. The 
Mount Warrigal facility did not have a dementia specific unit; consequently, the design of the 
facility was not assessed with the EAT. 
4.2.5 Long-Term Evaluation Survey 
Staff members’ perceptions of their indoor environment were assessed using a long-term 
evaluation survey (Appendix I). Several long-term evaluation surveys, also known as post 
occupancy evaluation (POE) surveys, have been previously developed to assess the correlation 
between IEQ factors and occupants’ satisfaction with their indoor environment (Peretti and 
Schiavon, 2011). However, the majority of these tools have been developed to specifically 
assess offices or commercial buildings, thus, they comprise questions which are not relevant in 
nursing home settings, and limited benchmark data is available regarding performance of 
nursing homes. Therefore, a web-based survey was developed by the present author to assess 
the performance of nursing homes, including questions on thermal comfort, air quality, lighting 
quality, acoustic comfort, and productivity. The main structure and the great majority of the 
questions contained in the building survey, used in the present study, were extracted from the 
Occupant Indoor Environmental Quality (IEQ) Survey™ developed by the Center for the Built 
Environment – University of California Berkeley (Center for the Built Environment, 2014) for 
residential and healthcare buildings and from the long-term evaluation survey provided in 
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Appendix K of ASHRAE 55-2013 standard (ANSI and ASHRAE, 2013a). Most of the 
questions included in the building survey were closed, rather than open-ended, and were 
answered using a 7-point scale, however, six open-ended questions were also included to obtain 
a deeper understanding of particular issues and perceptions. The questions included in the 
building survey are detailed in Section 4.3.5 where results are presented. 
Participants for this section of the study were staff members, and completed the questionnaire 
between the 29th of September 2016 and the 27th of October 2016 and they rated the 
performances of the facility in which they were working over two separate periods: summer 
(1/12/2015-29/2/2016), and the winter (1/6/2016-31/08/2016). The web-based questionnaire 
was sent out to all employees working in the six case study facilities. (It should be noted that 
residents were not asked to complete the questionnaire since they did not have access to a 
computer). Individual answers were used to assess how different facilities/buildings performed. 
Furthermore, data collected on thermal comfort were correlated with the temperature and 
humidity data logged in the six case study facilities. 
4.3 Results and Discussion 
4.3.1 Temperature and Humidity Data 
Summer Indoor Air Temperature Data 
Figure 4-2 shows indoor air temperatures in the bedrooms of the six case study facilities over 
the summer period (1/12/2015-29/2/2016). All measured temperature data was included in the 
analysis since bedrooms were assumed to be occupied on a 24-hour basis as previously 
explained in Section 4.2.1. Despite the fact that in all the homes the mean maximum 
temperature in the bedrooms exceeded 26°C, in the Bundanoon and Goulburn facilities 
temperatures above 26°C occurred for less than 4% of the summer period. The mean maximum 
temperature and the mean minimum temperatures were calculated by averaging, over the entire 
summer period, the daily maximum and the daily minimum temperature recorded in all the 
bedrooms. Whereas, at the Warilla, Coniston and Mount Warrigal facilities bedrooms were not 
equipped with air conditioning units and higher temperatures were recorded for a significantly 
higher fraction of time. For example, in the bedrooms of the Mount Warrigal facility indoor air 
temperatures above 26°C occurred for approximately 49% of the summer period and the mean 
maximum temperature over the three summer months was 29.1°C.  
56 
 
 
Figure 4-2 Indoor air temperature data measured in the bedrooms of the six case study facilities 
in summer (1/12/2015-29/2/2016). Also shown are the values of the mean maximum 
temperature, the mean minimum temperature and the overall mean temperature, as well as the 
percentages of time at which indoor air temperatures above 26°C and below 20°C were 
recorded. 
Figure 4-3 shows the temperature data recorded in the dining rooms, which were all equipped 
with cooling systems. Air conditioners were able to offset summer thermal loads and 
significantly reduced the number of hours at which temperatures above 26°C occurred. Mean 
temperatures were not consistent across the nursing homes. For example, the mean indoor air 
temperature at Bundanoon was 2.1°C lower than at Warilla, which could possibly be due to 
differences between the set-points programmed at each facility.  
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Figure 4-3 Air temperature data measured in the dining rooms in the summer (1/12/2015-
29/2/2016).  
During the summer period the facilities with the lowest (22.3°C) and highest (25.7°C) mean 
indoor air temperatures were Bundanoon and Mount Warrigal, respectively. The former facility 
was fully air-conditioned, whilst in the latter only the dining room and the sitting rooms were 
equipped with cooling units. Figure 4-4 shows the temperature data measured in both facilities 
during the summer period.  
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Figure 4-4 Air temperature in different areas of the Bundanoon and Mount Warrigal facilities 
in summer. 
In the Bundanoon facility the HVAC units in all areas maintained between 22°C to 23°C for 
approximately 50% of the summer period. Data also shows that occasionally air conditioners in 
bedrooms were turned off and/or windows were opened, while, temperatures in corridors, 
dining rooms and nurses stations were kept approximately constant throughout the season. 
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Occupants may have compensated for cool indoor air temperatures by wearing extra clothes, 
however, maintaining low air temperatures in summer significantly increases the energy 
consumption of the HVAC units and may worsen the thermal comfort conditions, especially for 
those residents who have low metabolic rates.  
On the other hand, data collected at the Mount Warrigal facility shows that in bedrooms, 
corridors and offices indoor air temperatures exceeded 26°C and 30°C for more than 48% and 
4% of the summer time, respectively. 
Autumn Temperature Data 
Figure 4-5 shows the temperature data measured outdoors and in the bedrooms of the Warilla 
facility between the 11th of May and the 9th of June 2016. The heating was operational from the 
27th of May and prior to this date the indoor air temperature varied as a function of the outdoor 
temperature. On the 27th of May the median outdoor temperature dropped significantly and the 
heating was then manually turned on.  
Because the hydronic radiators in the bedrooms did not have individual thermostatic control 
valves, the heating power delivered to the rooms was not controlled and the indoor temperatures 
were raised in many cases above 26°C. For example, on the 5th of May 2016 the outdoor 
temperature significantly increased, reaching approximately 20°C, however, because the central 
boiler units were not manually turned off, the indoor temperature in one bedroom reached 
28.6°C. Overheating of the building in winter not only increased the energy consumption but 
also resulted in poor thermal comfort conditions. On the 26th of May 2016 the temperature 
ranged between 18.6°C and 22.7°C whilst after 10 days the maximum indoor air temperature 
measured in the bedrooms was 6°C higher. 
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Figure 4-5 Temperature data measured in the bedrooms of the Warilla facility and outdoors. 
Data measured in the bedrooms and outdoors are plotted in black and blue, respectively. 
Winter Temperature Data 
Figure 4-6 shows the air temperature data measured in the bedrooms of the six case study 
facilities in the winter (1/06/2016-31/8/2016).  
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Figure 4-6 Air temperature data measured in the bedrooms of the six case study facilities in the 
winter (1/06/2016-31/8/2016).  
At the Bundanoon facility, the mean temperature in the bedrooms in winter was only 0.8°C 
lower than in summer; suggesting that the set-point temperatures of the HVAC units were 
maintained at constant, or close to constant, settings throughout the year, with minimal 
variations between summer and winter. Evidence from previous studies has shown that 
metabolism and cardiovascular parameters may be positively influenced by exposure to mild 
cold and warm environments (van Marken Lichtenbelt et al., 2017). van Marken Lichtenbelt 
observed that Type 2 diabetes patients experienced increased insulin sensitivity of more than 
40% after ten days of intermittent mild cold exposure. Hence, allowing air temperatures to 
slightly vary indoors may have a positive impact on health conditions of residents in nursing 
homes.  
It should also be noted that, as previously mentioned, all bedrooms in the Goulburn and 
Bundanoon facilities had reverse-cycle air conditioners. Hence, cold temperatures were 
measured either because occupants preferred cold temperatures at night-time or because they 
did not know how to properly control the heating in their rooms. On the other hand, at the 
Coniston facility residents did not have any control over the heating and the facility was cold in 
winter because the heating system was possibly undersized and could not provide a uniform 
temperature profile in the bedrooms.  
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To better understand the reason why temperatures lower than 20°C were recorded in bedrooms 
of fully air-conditioned facilities, the data collected in four bedrooms of the Bundanoon facility 
are plotted at hourly intervals in Figure 4-7. In bedroom 225 the reverse-cycle air conditioner 
was on at all times and the median air temperature at night was only 1°C lower than during the 
day. Whilst in bedroom 210 the median temperature at 13.00 was approximately 8°C higher 
than at 6.00 and the maximum temperature recorded exceeded 28°C. The heating was manually 
turned off in the afternoon, hence, the air temperature decreased continuously until 7.00 in the 
morning when the heating was turned on again. This data highlights the possibility that the 
reverse-cycle air conditioner in this room was not operated properly; arguably, the resident felt 
cold in the early morning and attempted to warm up quickly the room by turning on the heating 
and selecting a high set-point temperature. However, around lunch time the room was often 
overheated and it appears that the occupant turned off the heating manually, instead of 
decreasing the set-point temperature of the unit.  
The set-point temperature of hand-held remote controllers could range from 10°C to 30°C, and 
residents may have had difficulties in using remotes which had a display with low contrast and 
buttons which were not clearly marked. Hence allowing residents, particularly those with 
dementia, to manually control split air conditioners is not likely to be the optimal solution when 
endeavouring to enhance thermal comfort conditions in nursing homes.   
 
Figure 4-7 Hourly air temperature data measured in winter in four bedrooms at the Bundanoon 
facility. 
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Figure 4-8 shows the temperature data recorded in the shared bathrooms. Median temperatures 
in the bathrooms were only about 0.5°C higher than in the bedrooms at all three facilities, 
despite the fact that residents may be naked and wet when using the bathrooms. Furthermore, 
for approximately 26% of winter, temperatures lower than 20°C were recorded in the bathrooms 
of the facility at Coniston.  
 
Figure 4-8 Air temperature data measured in the bathrooms in winter (1/06/2016-31/8/2016).  
Humidity Data 
Figure 4-9 shows the experimental data collected during summer (1/12/2015-29/2/2016), in 
seven bedrooms of the Goulburn and five bedrooms of the Mount Warrigal facility. Appendix E 
contains the data for the other four facilities. Temperature and relative humidity data were 
plotted on the psychrometric chart where the winter (Iclo = 1.0 clo) and the summer (Iclo = 0.5 
clo) comfort zones, as defined by ASHRAE 55-2013 standard, have been plotted using blue and 
red continuous lines, respectively.  
High temperatures and humidity ratios were recorded in the bedrooms of the Mount Warrigal 
facility during the summer period, and relative humidity ranged between 40% and 80%. 
Approximately 34% of data collected exceeded the upper limit of ASHRAE 55-2013 summer 
thermal comfort region. However, at the Goulburn facility data fell in the region on the warmer 
side of ASHRAE 55-2013 summer clothing thermal comfort zone for only 1% of the time, 
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despite the mean maximum outdoor temperature in Goulburn being higher than at Mount 
Warrigal.  
Figure 4-9 Experimental data collected in the bedrooms in summer, between the 1st of 
December 2015 and the 29th of February 2016. The figure on the left displays the data collected 
at the Goulburn facility; while, the one on the right the data collected at the Mount Warilla 
facility. The figures also show the thermal comfort zones as defined by ASHRAE 55-2013 for 
summer clothing (red) and winter clothing (blue), as well as the relative percentage of data 
collected on the warmer and cooler side of the summer comfort zone. 
The air conditioning units in the bedrooms of the Goulburn facility not only effectively reduced 
the indoor air temperature but also controlled the humidity ratio to be within the comfort zone. 
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On the other hand, 73% of the experimental data points collected at the Goulburn facility fell on 
the cooler side of ASHRAE 55-2013 summer comfort zone and for approximately 5% of the 
summer period temperatures cooler than those recommended for the winter period were 
recorded at the facility. 
Figure 4-10 shows the experimental data collected in the winter (1/06/2016-31/08/2016). Please 
refer to Appendix F for the graphs showing the data collected in the other facilities. 
Approximately 22% and 33% of the data recorded in the Mount Warrigal and the Goulburn 
facilities were on the cooler side of ASHRAE 55-2013 winter comfort zone, respectively. 
Furthermore, for approximately 10% of the winter period the relative humidity at the Goulburn 
facility was lower than 30% RH, the lowest threshold recommended by the Australasian Health 
Facility Guidelines (CHAA, 2006). Figure 4-10 also shows that in winter indoor air 
temperatures in the bedrooms ranged from 12.6 to 28.6°C highlighting that the heating system 
in both facilities was not being controlled effectively.  
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Figure 4-10 Experimental data collected in the bedrooms in winter, between the 1st of June 
2016 and the 31th of August 2016. The figure on the left shows the data collected at the 
Goulburn facility; while, the one on the right the data collected at the Mount Warrigal facility. 
The figures also show the relative percentage of data collected on the warmer and cooler side 
of the winter comfort zone.  
Occupants Control of Indoor Temperatures 
Figure 4-11 shows data collected in three spaces (2 offices and the reception area) all served by 
a central, ducted, reverse-cycle air conditioning unit at the Warilla facility. Staff members using 
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these spaces were mostly involved in sedentary activities (M ~ 70 W/m2). They could adjust the 
set-point temperatures of their room thermostats and change the operational mode 
(heating/cooling/auto) of the ducted system. These areas were occupied only during office hours 
and were locked at night-time. However, the air conditioning system in these three rooms was 
neither switched off at night-time nor when the rooms were unoccupied. The experimental data 
shows that during warm summer days the cooling set-point temperature appeared to be set to 
approximately 20°C, for example between the 11th and the 14th of January. Whereas, when the 
outdoor temperature dropped on the 15th of January to almost 15°C the air-conditioning unit set-
point temperature seemed to be set to approximately 23°C. The temperature set-point was then 
kept constant for approximately a week, suggesting that occupants were comfortable with an 
indoor temperature of 23°C. However, as the outdoor temperature exceeded 30°C the 
temperature set-points seem to have been moved back to 20°C.  
While it is not possible to definitively ascribe particular actions and effects to the data described 
above, it would appear likely that staff members who were in control of the operation of the air 
conditioning systems, preferred to be in a cooler environment (20°C) when the temperature 
outside was hot and in a warmer environment (23°C) when the outdoor temperature dropped 
below 20°C. Clearly strategies like these, i.e. maintaining cold indoor air temperatures during 
hot days and warm indoor air temperatures during cold days, would have significant 
repercussions for the electricity consumption of the HVAC units. 
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Figure 4-11 Indoor and outdoor air temperatures measured in three air-conditioned spaces at 
the Warilla facility. 
Temperature Variations between Adjacent Rooms 
Maintaining cold indoor air temperatures during hot days in air-conditioned spaces not only has 
repercussions for the energy consumption of the building, but also worsens thermal comfort 
conditions.  
For example, Figure 4-12 shows the temperature profiles of 3 rooms which were all located in 
close proximity to each other at the Warilla facility. Both the dining room and the reception 
were equipped with air-conditioning units; whilst the bedroom did not have mechanical cooling. 
For the great majority of the time, indoor air temperatures in the bedroom exceeded 26°C, 
whereas, the temperature set-point in the reception appears to have been changed between 20 
and 23°C. The maximum temperature difference between the bedroom and the reception was 
7°C and for approximately 15% of the time, the temperature difference between the rooms was 
greater than 6°C (mean temperature difference 4.1°C), consequently occupants will likely feel 
uncomfortable as they move from one room to another. Furthermore, despite the fact that at 
12.00PM on the 25th of January both the temperature of the reception and the bedroom were 
between 20 and 26°C, an occupant that would have gone from the reception to the bedroom 
would have had experienced a temperature difference of 4.5°C. 
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Figure 4-12 Temperature measured at the Warilla facilities in room with mechanical cooling 
(dining room and reception) and without mechanical cooling (bedroom). The blue line shows 
the indoor air temperature difference between the reception and the bedroom. 
Vertical Air Temperature Stratification 
In the Albion Park, Coniston and Warilla facilities cassette or split air conditioning units 
(cooling capacity between 5.2 and 7.1 kW) were installed in the corridors to cool or warm the 
indoor air during warm and cold days, respectively. At the Warilla facility, nurses stations and 
corridors were adjacent spaces separated only by a counter and in February 2016 cassette air 
conditioners were installed within a four-metre radius of both nurses stations. Figure 4-13 
shows the indoor temperature data measured outside and inside both nurses stations between the 
1st of February and the 30th of April of two consecutive years 2015 and 2016. The results of the 
statistical analysis showed that despite the fact that outdoor temperatures were higher in 2016 
than in 2015, the air-conditioning units significantly reduced (p < 0.001) the indoor 
temperatures in both nurses stations.  
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Figure 4-13 Measured outdoor and indoor temperatures pre- and post-installation of the 
cassette air-conditioning units. Data presented were collected between 1st of February and the 
30th of April of two consecutive years 2015 and 2016.  
Nonetheless, despite the cassette units effectively reduced indoor air temperatures during warm 
days, their use increased local thermal discomfort during both the cooling and heating seasons. 
For example, in the dementia unit of the facility (see Figure 4-1 for a detailed floorplan of the 
unit) only three cassette units were installed. Consequently, because the units appear to have 
been somewhat undersized, during several days they were working at full load causing vertical 
temperature air differences in the near proximity of the units and thermal gradients between 
adjacent spaces. For example, on the 30th of May 2016, the outdoor temperature in the morning 
dropped to 10.6°C and the centralized heating system was not turned on yet. Thus, when 
caregivers turned on the cassette unit, they increased the temperature set-point to 27.5°C and set 
the fans speed to high. At 10.00 the measured indoor air temperatures at head and ankle heights 
underneath the cassette unit, were as follows: 34.1°C at 1.7 m and 21.5°C at 0.1 m. It should be 
noted, the air velocity at 1.7m was 1.6 m/s, which was approximately double than the maximum 
air speed that is recommended to be maintained when not all occupants have direct control on 
the air velocity (ANSI and ASHRAE, 2013a). In addition, the air temperature in Bedroom 23 
was 21.8°C, despite the fact that it was located within a 5-metre radius from the heating unit. 
Indoor Temperature in Rooms Where Medications are Stored 
The percentage of time at which each temperature range occurred in nurses stations, treatment 
and medication rooms is shown in Figure 4-14. Data was collected between January 2015 and 
December 2016 at the Warilla facility and between August 2015 and December 2016 in the 
other two facilities. In all three facilities medical supplies and medications, that were not 
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specifically required to be stored in refrigerators, were stored in locked cabinets at room 
temperature. In the nurses stations of both Goulburn and Bundanoon facilities, indoor air 
temperatures exceeded 25°C for approximately 10% of the each year, despite these areas being 
equipped with air conditioning units. While, at the Warilla facility in 2015, air temperatures 
exceeded 25°C in the treatment room for more 82% of the time. Cooler temperatures were 
recorded in 2016 since a cassette air conditioning units were installed in the corridors. 
Nevertheless, since the doors of the treatment and the medication rooms were kept closed for 
the majority of the time, to prevent residents entering, air temperatures in the treatment room 
exceeded 25°C for approximately 58% of the year. However, the Australasian health facilities 
guidelines and the design guidelines for Queensland residential aged care facilities recommends 
that all medications that can be stored at ambient temperature, must be stored at temperatures 
below 25°C, since exposure of drugs to temperatures higher than recommended may reduce 
their effectiveness (Queensland Government, 1999; CHAA, 2006). 
 
Figure 4-14 Indoor air temperature by room type and by year. 
4.3.2 Environmental Audit Results – Dementia Units 
Table 4-2 presents the data collected using the EAT in the five case study facilities, as well as 
the data collected by Smith et al. (2012) in 56 dementia care settings (Smith et al., 2012). Figure 
4-15 shows the EAT Total scores and shows that overall, newer facilities (i.e. Bundanoon and 
Goulburn), which were purpose-built, were better designed than older ones. In fact the facility at 
Bundanoon obtained the highest EAT Total score among the five case study facilities, but its 
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total score did not exceed the average score for purpose-built facilities reported by Smith et al. 
(2012). The facility in Coniston, which was a not purpose-built home, obtained a EAT Total 
score of 49%, which was only one percent higher than the average score for non-purpose-built 
homes. Overall, the case study facilities obtained good scores in the following key areas: safety, 
reduction of unnecessary stimuli, and familiarity. However, on average, units were scored as 
having too many beds and not having good visual access; for example, not all residents could 
see key places such as dining rooms or sitting rooms from their bedrooms.  
* Data obtained from a study published by Smith et al. (2012) who used the EAT to assess 56 purpose-
built and non-purpose-built dementia care settings (Smith et al., 2012). 
 
Table 4-2 EAT data collected for each facility. In each facility the EAT was used to assess only 
the dementia unit.  
Criteria Bundanoon Goulburn 
Albion 
Park 
Rail 
Warilla Coniston 
Non-
purpose-
built 
facilities* 
Purpose-
built 
facilities* 
Safety 100 100 87 93 62 61 84 
Size 33 33 67 0 67 23 46 
Visual Access 60 18 79 29 12 36 62 
Reduction of 
Unnecessary 
Stimuli 
75 63 75 63 75 57 65 
Highlighting 
of Useful 
Stimuli 
78 44 78 78 67 68 89 
Safe 
wandering 
44 78 44 89 0 44 80 
Familiarity 92 92 100 83 83 66 79 
Privacy and 
Community 
83 100 33 50 50 57 79 
Community 
Links 
100 100 0 0 50 34 83 
Domestic 
Activities 
31 44 31 25 25 28 39 
Total Score 70 67 59 51 49 48 70 
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Figure 4-15 EAT Total score compared with the results obtained by Smith et al. (2012). 
4.3.3 Illuminance Results 
A total of 135 measurements were made across the facility in Warilla. Figure 4-16 shows the 
horizontal plane illuminance data grouped by room type. Bathrooms, bedrooms and corridors 
were generally poorly lit and in 26 locations (10 bathrooms, 12 bedrooms and 4 corridors) 
illuminance data were lower than 20 lx, which is the minimum illuminance level that must be 
provided throughout a space for safe movement of adults who have no vision loss (AS/NZS, 
2009). Only 5% of the data collected in bedrooms, bathrooms and corridors were above 160 lx, 
the illuminance recommended by the Australian standard for spaces where occupants perform 
simple tasks (AS/NZS, 2009). Lighting needs generally increase as a function of age and De 
Lepeleire et al. (2007) suggest that recommended illuminance levels provided in the standards 
should be increased by 55% to compensate for the needs of older people (De Lepeleire et al., 
2007). Thus, approximately 240 lx should be maintained in bedrooms, corridors and bathrooms.  
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Figure 4-16 Illuminance data grouped by room type. Figure also shows the recommended 
illuminance level for the following activities: simple task or occasional reading 160 lx, ordinary 
task 240 lx, reading or writing between 320 and 400 lx. 
In some bedrooms light switches were not always easily accessible and were occasionally 
covered by bed curtains. Moreover, in the majority of the bedrooms, lights were installed on the 
walls so that when all bed curtains were closed, they blocked the direct illumination from the 
electric lighting system resulting in the centre of the room being dark (see Figure 3-5 for a view 
of a typical bedroom).  
Flickering 
Ceiling fans were installed in 2013 at the Warilla facility, ostensibly to reduce thermal 
discomfort caused by warm or hot indoor air temperatures during the warm season. However, in 
several locations they were installed immediately below the ceiling lights, hence the fan blade 
rotating in front of the light periodically shaded it. Figure 4-17 shows how the illuminance 
measured underneath the fan varied as a function of the blade angle of the ceiling fan. 
Illuminance on the horizontal plane fluctuated between 1057 lx and 960 lx causing significant 
flickering. 
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Figure 4-17 Illuminance measured underneath the ceiling fan. Illuminance readings are plotted 
as a function of the angle between the North and a blade of the ceiling fan used as reference. 
4.3.4 Noise Results 
Figure 4-18 presents LAeq,1min data grouped by room type, by season and by time of day. The 
dementia unit had only one dining area, which was used on a daily basis by more than 40 people 
(staff members, visitors and residents) at a time as: a dining area; recreational space; and 
activity room. Consequently, between 5.00 and 23.00, both in summer and in winter, the dining 
room was the noisiest space in the dementia unit. Nonetheless, bedrooms and the nurses station 
were also noisy environments. Approximately 99% and 98% of the LAeq,1min values in the 
bedrooms and in the nurses station exceeded the recommended design values of 40 dB and 45 
dB, respectively (AS/NZS, 2016). Furthermore, Figure 4-18 shows that the median values in 
summer were higher than in winter.  
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Figure 4-18 LAeq,1min data grouped by location, season (summer 1/12/2015 – 29/02/2016 and 
winter 1/06/2015-31/08/2015) and time of day (daytime 5.00-23.00).  
Figure 4-19 presents the hourly LAeq,1min values in summer and winter. Noise levels significantly 
increased in all areas between 4.00 and 6.00 since residents were waking up and decreased 
between 21.00 and 23.00 when residents were going to bed. The dining room was the noisiest 
space and the highest hourly median was recorded at lunch time (11.00-12.00). Moreover, 
between 9.00 and 18.00 the values of LAeq,1min were always higher than 45 dB, the maximum 
recommended values by the AS/NZS 2017:2016 ‘Acoustics—Recommended design sound levels 
and reverberation times for building interiors’ standard (AS/NZS, 2016). Hourly median 
LAeq,1min values were below the recommended threshold only in the dining room at night-time, 
however, at that time the room was empty. 
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Figure 4-19 LAeq,1min data in summer and winter grouped by hour. The blue and red lines 
indicate the maximum recommended design values of 40 dB and 45 dB, respectively. 
Figure 4-20 shows the daily LAeq,1min data in the dining room during daytime only. All the 
LAeq,1min values were below 112 dB the acceptable noise exposure to prevent hearing damage 
over a one minute period (NSW Government, 2017). In the dining room the median and the 
mean LAeq,1min were 65 and 62 dB in summer and 61 and 63 dB in winter. As previously shown 
in Figure 4-19, data in Figure 4-20 shows that the dining room was consistently noisy 
throughout the day and LAeq,1min values higher than 45 dB were recorded for approximately 93% 
of the time. Noise levels in summer were significantly higher (p < 0.01) than in winter. 
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Figure 4-20 Daily LAeq,1min data in the dining room in summer and winter during daytime (5.00-
23.00) only. 
Figure 4-21 shows the daily LAFmax data (170 readings) measured in the dining room during 
daytime in summer (1/12/2015 – 29/02/2016) and in winter (1/06/2015-31/08/2015). For 
approximately 19% of the days occupants in the dining room were exposed to LAFmax ≥ 110 dB, 
considered by the South Australia noise guidelines as the threshold of pain (NSW Government, 
2017). 
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Figure 4-21 Daily maximum LAFmax (n = 170 readings) in the dining room in summer and winter 
during daytime only. 
4.3.5 Long-Term Building Evaluation Survey Results 
A total of 85 staff members completed the long-term evaluation survey described in section 
4.2.5. The objective of this research phase was to assess the performance of the 6 case study 
facilities. Three participants had worked in the nursing home for less than 6 months, therefore, 
their answers were not included in the data analysis for the summer period. Table 4-3 
summarizes the characteristics of the study sample and shows the number of staff who 
completed the questionnaire. It should be noted that some facilities were bigger than others; thus 
to compare the response rate in each facility the number of surveys collected was divided by the 
number of beds in the facility. The facility with the lowest response rate was Bundanoon (10%) 
while the one with the highest ratio was Warilla (19%). The great majority of the participants 
were females (85%) and 52% of them were aged between 45 and 65 years old. The majority 
(42%) of the participants were caregivers and approximately 27% were working as receptionists 
or as administration officers. Most of participants reported that they were working between 30 
and 40 hours a week and had worked for the aged care provider for more than 5 years. 
Participants reported that for approximately 41% of their shift they were involved in demanding 
activities with high metabolic rates (e.g. lifting, walking fast, cooking, etc.), while they spent 
approximately half of their remaining shift doing either activities with low metabolic rates (i.e. 
sedentary activity or standing at rest) or medium metabolic rates (i.e. walking slowly or light 
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standing activity). Finally, only 2 staff members were working in rooms without heating and 4 
in rooms without cooling. 
Table 4-3 Characteristics of the study sample. 
 
Thermal Comfort 
Participants were asked to rate how important the following IEQ factors were to them: thermal 
comfort, indoor air quality, lighting, and acoustic comfort. A scale from 1 to 7 was used, with 1 
denoting ‘not important’ and 7 denoting ‘very important’. Approximately 60% of staff members 
considered thermal comfort to be ‘very important’ (52 of them rated this issue at level 7), and 
overall thermal comfort was considered the most important environmental factor by 
participants.  
Albion Park RailBundanoonConiston GoulburnMt WarrigalWarillaRow Total % Total
20 9 9 22 6 19 85
13% 10% 15% 14% 15% 19% 14%
<45 12 5 2 14 2 5 40 47%
45-65 8 4 6 8 4 14 44 52%
66-75 1 1 1%
Female 17 9 8 18 5 15 72 85%
Male 3 1 4 1 3 12 14%
Prefer not to say 1 1 1%
Caregiver 8 1 14 2 9 34 42%
Administration/Receptionist 6 3 2 4 4 3 22 27%
Registered nurse 1 2 1 1 3 8 10%
Recreational activities officer 2 3 1 1 7 9%
Maintenance officer 2 1 1 2 6 7%
Physioterapist 1 1 2 2%
Kitchen staff 1 1 1%
Laundry staff 1 1 1%
<20 2 2 1 4 4 13 15%
20-30 9 1 2 3 2 2 19 22%
30-40 8 5 3 13 2 8 39 46%
>40 1 1 3 2 2 5 14 16%
Less than 6 months 1 1 1 3 17%
6 - 12 months 1 1 6 1 9 4%
1 - 2 years 4 2 3 2 11 11%
2 - 5 years 7 3 7 4 5 26 13%
More than 5 years 7 4 7 5 2 10 35 31%
Low metabolic rate 31% 32% 33% 24% 39% 26% 29%
Medium metabolic rate 22% 34% 47% 27% 21% 35% 30%
High metabolic rate 46% 34% 19% 49% 40% 39% 41%
Offices 8 4 2 5 2 1 22 27%
Residents' bedrooms 4 2 7 3 16 20%
All 2 1 2 7 12 15%
Recreation areas 2 1 2 1 1 7 9%
Bathrooms or showers 2 1 3 6 7%
Reception 1 1 2 1 5 6%
Corridors 1 1 3 5 6%
Sitting Room/Lounge 1 2 1 4 5%
Dining Room 1 1 2 2%
Laundry 1 1 1%
Kitchen 1 1 1%
Physio room 1 1 1%
No 1 1 2 2%
Yes 19 9 9 22 6 18 83 98%
No 2 1 1 4 5%
Yes 20 9 7 21 6 18 81 95%
N° participants
N° participants/ N° beds
Age
Percentage 
working hours
Room has 
cooling
Room has 
heating
Time worked 
facility
Room spend 
most time
N° hours per 
week worked
Job description
Gender
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In order to assess the thermal comfort at the facilities in summer (Question 16) and winter  
(Question 20), participants were asked to answer the following question: ‘Rate indoor air 
temperature last summer/winter’ using the following scale: -3 ‘cold,’ -2 ‘cool,’ -1 ‘slightly 
cool,’ 0 ‘neutral,’ +1 ‘slightly warm,’ +2 ‘warm,’ +3 ‘hot.’ While satisfaction with the thermal 
environment in summer (Question 15) and winter  (Question 19) was assessed asking 
participants to answer the following question: ‘How satisfied were you with the indoor air 
temperature last summer/winter?’ using a seven point scale ranging from ‘very dissatisfied’ to 
‘very satisfied.’ 
Figure 4-22 shows the answers of the participants to Questions 16 and 20. The figure shows that 
newer facilities performed better than older ones. For example at the Bundanoon facility 
approximately 57% and 56% of the participants rated the temperature to be ‘neutral’ in summer 
and winter, respectively. Whereas, more than 40% of the staff working at Warilla and Mount 
Warrigal reported the temperature to be either warm or hot in summer and more than 20% of the 
participants were not satisfied with the indoor air temperature in winter.  
 
Figure 4-22 Perception of the indoor air temperature in summer and winter. (Construction date 
of each facility shown in parentheses). 
Figure 4-23 shows participants’ answers to Question 15 and 19 and highlights that staff 
members who were working at the Goulburn and Bundanoon facilities were more satisfied with 
the indoor air temperature in both seasons, than staff members working in other facilities. 
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Figure 4-23 Satisfaction with indoor air temperature in summer and winter. The horizontal line 
of each boxplot shows the median score while the target shows the mean score. 
In Question 18 and 23 of the long-term evaluation survey, staff members were asked to report 
which behaviours they used to compensate for an unsatisfactory thermal environment both in 
summer and in winter in their workplace. Participants were asked to answer the following 
question: “If you were uncomfortable (summer/winter), choose which of the following methods 
you used to increase your comfort (tick all the relevant boxes)?” by selecting from a list of 
behaviours. Figure 4-24 shows the data collected. During summer approximately 70% of 
respondents reported that they adjusted air conditioning set-point temperature when thermally 
uncomfortable, rather than employing other strategies (i.e. adjusting their clothing or 
opening/closing windows). Whereas, in winter the majority of the respondents reported that they 
adjusted their clothing when thermally uncomfortable. 
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Figure 4-24 Behaviours used to compensate for unsatisfactory thermal conditions as reported 
by the participants in the long-term evaluation survey. 
Air Quality  
The perceived quality of the indoor air was assessed by asking the participants to answer the 
following question: ‘How satisfied were you with the indoor air quality in your workplace 
during last summer/winter?’ using a 7-point scale ranging from ‘Very dissatisfied’ to ‘Very 
satisfied’.  
Figure 4-25 shows that the majority of the participants who were working in the Goulburn and 
Bundanoon facilities were satisfied with the indoor air quality in both winter and summer. Both 
facilities were equipped with centralized ducted HVAC units which supplied fresh air into the 
common areas. Whereas, participants who were working in older facilities, where the majority 
of units were split air conditioners, were less satisfied with their indoor air quality; some even 
reported being ‘very dissatisfied’ with the indoor air quality during both seasons.  
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Figure 4-25 Participants’ responses to the question: ‘How satisfied were you with the indoor 
air quality in your workplace during last summer/winter?’  
Lighting Quality 
In Question 42 and 43 of the long-term evaluation survey, staff members were asked to report 
their level of satisfaction with natural and electric lighting in their workspace, using a 7-point 
scale. Based on respondents’ answers, all the nursing homes appeared to have satisfactory 
electric and natural lighting levels (Figure 4-26). Despite the fact that some participants reported 
to be very dissatisfied with the natural light, all facilities had median and mean scores of 4 or 
higher, with the only exception of the mean score for the electric lighting at Coniston which was 
3.8. 
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Figure 4-26 Satisfaction with electric and natural lighting. This is a plot of participant 
responses to the question: ‘How satisfied are you with the natural/electric lighting in your 
workplace?’ 
Sound 
In order to rate the noise levels in the facilities, staff members were asked to answer the 
following question: ‘Rate the noise level in your workplace’ using a 7-point scale. Figure 4-27 
shows that staff members considered the facilities to be noisy environments, and newer facilities 
did not always perform better than older ones. 
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Figure 4-27 Satisfaction with the noise level in the six case study facilities. This is a plot of the 
participant responses to Question 52 of the long-term evaluation survey. 
Productivity 
Participants were also asked to report on a seven point scale, ranging from 1 ‘Decreased’ to 7 
‘Increased’, how the building affected their productivity (Question 72). Figure 4-28 shows that 
the great majority of staff members working in newer facilities stated that the building increased 
their productivity. Whereas, the great majority of people who were working at the Mount 
Warrigal and Coniston facilities reported that the building negatively affected their productivity. 
In other words, higher IEQ was found to positively influence staff performance. Results of the 
present study were similar to those previously obtained by Kosonen and Tan (2004) who 
determined that task-related performance is significantly correlated with human perception of 
the thermal environment (Kosonen and Tan, 2004). 
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Figure 4-28 Building survey responses on productivity. Responses were gathered asking 
participants to answer the following question: ‘How is the productivity increased or decreased 
by the environmental conditions in the building?’ 
Overall Occupant Satisfaction 
Finally, occupants were asked to report on their overall satisfaction with their room/workplace 
in Question 80. Figure 4-29 shows that in newer facilities staff members were generally more 
satisfied with their workplace, for example the lowest score recorded at Bundanoon and 
Goulburn was 3 ‘slightly dissatisfied’ whilst 50% of the participants working at the Mount 
Warrigal facility voted 1 ‘very dissatisfied’ or 2 ‘dissatisfied’. 
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Figure 4-29 Overall satisfaction with workplace. Participant responses to the following 
question: ‘All things considered, how satisfied are you with your room/workplace?’ 
Open ended questions were included in the questionnaire to obtain a deeper understanding of 
how the building performed. Comments and feedback were grouped into themes and analysed 
using set keywords (Moezzi and Goins, 2011) summarized in Table 4-4.  
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Table 4-4 Comments provided in the building survey grouped by main factors, keywords used to 
find the complaints, percentage of participants providing feedback about the issue, and the most 
common reasons given by the occupants. 
Theme Key words 
Percentage of 
participants who 
wrote a comment 
(total 45) 
Common reason 
Thermal 
comfort 
Hot, cold, heat, air-
conditioning, heating, 
dry, humidity 
49% 
Hot summer and in winter, some 
rooms are hotter/colder than others, 
staff feel hot and residents cold, 
bathrooms hot and humid. 
Air quality 
Air circulation, 
ventilation, fresh air, 
smelly, stuffy, cross 
ventilation, window 
31% 
Poor ventilation, not enough windows, 
no exhaust fans in showers, stuffy. 
Noise 
Noisy, talking, 
distracting 
7% Rooms are crowded 
Lighting 
Light*, dark, direct 
light 
13% No natural light. 
Energy 
efficiency 
Solar, LED, 
insulation, efficiency, 
PV, left on 
60% 
Light and air conditioners on when 
rooms are not occupied, lights on 
during day, no occupancy sensors, 
HVAC on and windows open, no PV 
panels or solar water heaters, no 
automatic doors 
Productivity 
Productivity, 
decreased 
16% Hot temperatures affect productivity 
Room size Small, space 16% Rooms are too small 
 
A total of 45 (53% of the total) staff members provided feedback to the open-ended questions, 
out of which 60% and 49% wrote comments about energy efficiency and thermal comfort 
conditions, respectively. Most of the participants described the building in which they were 
working as “energy inefficient” and “too hot in summer”. For example, when staff were asked 
to “describe any issue related to the design and operation” and to report “any energy upgrades 
that you would recommend”; they wrote that lights and air conditioners were left on when 
rooms were unoccupied, that no occupancy sensors were installed to control lighting and 
HVAC, that HVAC systems were left on even when windows were open, and that the facility 
was overheated in winter. In addition staff members mentioned that photovoltaic panels and 
LED lighting should be installed to improve the efficiency of the building and that staff should 
increase their awareness and turn off televisions and lights in unoccupied rooms. None of the 
participants mentioned building insulation, windows upgrade or solar hot water as possible 
energy efficiency upgrades.  
Staff also complained about the poor thermal comfort conditions and they reported that: their 
building was “hot” both in summer and in winter, that showers were “very hot and humid”, that 
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staff members often felt very hot while residents were feeling cold, and that temperature 
difference between different rooms was often too high.  
Approximately 31% of those who answered at least one open-ended question complained that 
they could not open or close their windows and described their building as stuffy. 
Fewer staff wrote comments about the building design (16%), lighting quality (13%) and 
acoustic comfort (7%). Participants mostly reported that the size of the rooms was not adequate 
to care for residents, the building was dark at night and there were not enough windows to allow 
natural light to enter the building during the day. Consequently, 16% of participants reported 
that the building affected their productivity in negative way. 
4.3.6 Ad Hoc Occupant Feedback 
The present author collected anecdotal feedback in the course of carrying out the project from 
residents, family members and staff during the research project. Several residents complained 
that they did not have direct control over the ceiling fans in their shared bedrooms and in the 
common areas; as a result, some were feeling cold while other were feeling hot. Several 
residents were also not comfortable because of the cassette air conditioners installed in the 
corridors. For example, some complained that the air underneath the units was too hot/cold. 
Others wanted to ventilate their “hot” bedroom and get some fresh air, however, they reported 
that they were not allowed to do so because the air conditioner in the corridor was on.  
Residents also reported that on many occasions the nursing home in which they were living was 
very noisy, and many were disturbed by banging doors and by the nurse call system which they 
described as “too loud”. Furthermore, on several occasions residents asked the present author to 
help them in using their air conditioner remote. For example, some residents did not know how 
to turn the unit on, while others did not know how to adjust the set-point temperature or change 
the operational mode (heating/cooling/auto) of their split system. Hence, some residents, who 
were feeling cold, were trying to increase the set-point temperature of the air conditioner, 
however, because the unit was set in cooling mode the unit was off. Moreover, residents from 
newer facilities reported that “the dining room is too cold at lunch time”, hence, they were not 
comfortable while they were eating. 
Staff members also provided anecdotal feedback. Many reported that they were not satisfied 
with the cassette air conditioners because the units were creating vertical temperature gradients 
in the corridors and because corridors were colder/warmer than adjacent bedrooms. Staff 
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working in the Goulburn facility also mentioned that they noticed that residents were feeling 
cold, however, they could not adjust the set-point temperatures because the dining rooms 
thermostats were locked. Staff also complained because the facility in which they were working 
was too noisy and because the nurse call system was “too loud.” 
4.4 Summary  
The present study was conducted in six case study facilities, all located in south-eastern NSW. 
Four facilities (built between 1955 and 1993) were located in a warm temperate zone, one (built 
in 2008) was located in a cool temperate zone and one was located in a mild temperate climate 
(built in 2007). In order to assess the quality of the thermal environment indoor air temperature 
and relative humidity were monitored for more than one year. A long-term evaluation survey 
was used to assess the perceptions of staff members working in the homes of their indoor 
environment and the Environmental Audit Tool was used to assess to assess the quality of the 
dementia-specific units from the point of view of ‘dementia-enabling environment’. In the 
Warilla home only, spot measurements were also conducted to assess the quality of the electric 
lighting and sound levels data were measured and logged for 11 months in the dementia unit.  
Indoor air temperature and relative humidity data showed that during the warm season air 
conditioning units were capable of limiting the temperature variations indoors and significantly 
reduced the amount of hours at which occupants were exposed to temperatures higher than 
26°C. On the other hand, in bedrooms and common areas which were not equipped with air 
conditioners temperatures higher than 30°C were recorded indoors. Temperatures lower than 
20°C were recorded indoors in all facilities in winter. However, in bedrooms of the newer 
facilities temperatures lower than 20°C were recorded possibly because either residents 
preferred cold temperatures at night time, or they did not know how to properly control their 
split air conditioner. In older facilities the majority of residents did not have personal control of 
the heating in their bedrooms and temperatures recorded as being lower than 20°C were due 
either to the heating system being undersized, or to the absence of a localized control system to 
regulate the heating provided to individual rooms. 
Horizontal illuminance data showed that that corridors, bedrooms and bathrooms were not 
properly lit. While sound data showed that the dementia unit was a noisy environment and for 
more than 98% of the time noise levels exceeded the recommended design values imposed by 
the Australian standard - ‘Recommended design sound levels and reverberation times for 
building interiors’. 
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Data collected using the Environmental Audit Tool showed that the dementia units of the 
Goulburn and Bundanoon facilities provided dementia-enabling environments for people with 
dementia and their caregivers. Whereas, the EAT identified that the dementia units of the 
Coniston and the Warilla facility did not perform well as dementia-enabling environments, 
which could be expected since they were not purpose-built dementia units.  
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5 Development and Testing of a Mobile Non-Intrusive Monitoring 
Station to Assess IEQ in Nursing Homes 
Progressive neuronal losses in people with dementia may affect their ability to understand and 
interpret their environment. Thus, many authors have recommended that inappropriate sensory 
stimulation should be avoided since this may negatively influence behavioural and 
psychological symptoms of dementia (Kovach, 2000; Baker et al., 2001; Zeisel et al., 2003; van 
Hoof and Kort, 2008; Cohen-Mansfield et al., 2010). However, to date only few studies have 
provided quantitative evidence regarding the impacts that the thermal environment and IEQ 
have on agitated behaviours of people with dementia. Arguably this is because one of the major 
challenges in measuring IEQ parameters in nursing homes is to find an accurate, reliable, easy-
to-use and relatively inexpensive equipment to make such measurements.  
In previous field studies which aimed to assess IEQ factors, researchers have used mobile 
‘carts’ or trolleys as support for a variety of sensors and logging devices (Heinzerling et al., 
2013). However, since the great majority of these studies have been conducted in offices or 
commercial buildings, the impact that the equipment had on the behaviours of occupants was 
not considered to be of primary concern. Thus, many of these devices were often bulky and 
intrusive (Heinzerling et al., 2013). In nursing home settings, the possible impact that the 
measuring equipment has on residents cannot be ignored, since the presence of unfamiliar 
equipment may be associated with negative reactions in residents with dementia (Day, Carreon 
and Stump, 2000; Fleming, Forbes and Bennett, 2003). A thorough search of the relevant 
literature yielded only one relevant article which described a non-intrusive multi-parameter 
apparatus to assess IEQ parameters in nursing homes (Chiang et al., 2001), however, this 
apparatus was not portable/mobile.  
This part of the overall project aimed to answer the following research question, ‘How can 
behaviours of residents be assessed and IEQ parameters measured simultaneously in a non-
intrusive way in aged care facilities, so as to determine the impacts that IEQ factors have on 
agitation of residents with dementia?’ This chapter firstly describes the methodology used to 
develop a mobile non-intrusive monitoring station to be used to assess IEQ parameters in 
nursing homes. Secondly, it also details the findings of a pilot study which was conducted to 
assess the specific impacts that IEQ factors have on the manifestation of agitated behaviours in 
people with dementia. 
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5.1 Research Method 
IEQ is commonly used as an umbrella term which comprises several factors, e.g. thermal 
environment, acoustic comfort, indoor air quality, visual comfort and building design. However, 
the scope of the present study was limited to the determination of the impacts on agitated 
behaviours of people with dementia of: i) their thermal environment; ii) acoustic environment; 
iii) lighting conditions; and iv) indoor air quality. Two indices were used as an indicator of the 
quality of the thermal environment, i.e. the operative temperature To (°C) and Predicted Mean 
Vote (PMV). While illuminance on a horizontal plane (lx), CO2 concentration (ppm) and the A-
weighted sound pressure levels (dB) were used as indicators to assess indoor lighting 
conditions, indoor air quality and the acoustic environment, respectively.  
The PMV index predicts the mean value of thermal sensation vote for the whole body, of a large 
number of occupants, on a seven point scale defined as follows: -3 ‘cold,’ -2 ‘cool,’ -1 ‘slightly 
cool,’ 0 ‘neutral,’ +1 ‘slightly warm,’ +2 ‘warm,’ +3 ‘hot’ (Fanger, 1970). Limited evidence is 
available regarding the applicability of the PMV model to predict the thermal 
sensation/perceptions of the occupants of nursing homes. Fanger’s results demonstrated that 
there is no significant difference in the preferred temperature of elderly and college-age 
subjects. Fanger, therefore, argued that the PMV model can be used to determine thermal 
sensation of older adults (Fanger, 1970). However, conflicting evidence from recent studies 
suggests that elderly subjects may perceive their thermal environment differently to their 
younger counterparts (van Hoof and Hensen, 2006; van Hoof, 2008; Hwang and Chen, 2010; 
Schellen et al., 2010; Del Ferraro et al., 2015). Nonetheless, since no other thermal comfort 
index is universally accepted to assess the thermal comfort conditions for the whole body in the 
older population, in the present study the PMV index was used. 
5.1.1 Mobile Monitoring Station - the IEQ Cart 
A four-wheeled walking frame was used as the supporting structure for the data-
acquisition/logging device, batteries and sensors. The rationale for the selection of a walking 
frame as a supporting structure included issues such as:  
 All occupants of nursing homes are familiar with, and used to seeing, walking frames; 
 The walking frame had a lightweight aluminium structure and could support up to 130 
kg; 
 It had a good degree of mobility and good stability; 
 It could be folded and easily transported in the boot of a car; and 
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 It could be safely used by residents to sit on or walk with, if need be. 
Table 5-1 shows the list of sensors installed on the walking frame. The table also provides 
information about the measurement range, accuracy, sensor type and height of each individual 
sensor.  
Table 5-1 Instrumentation installed on the IEQ Cart. 
Parameter 
Measurement 
Range 
Accuracy Sensor type/Model 
Height 
sensors 
Dry-bulb air 
temperature 
0 to +50°Ca 
at 20°C ±0.04°C         
at 30°C ±0.05°Ca 
RTD PT100 
0.1m/0.6m 
/1.1m/1.7ma 
Relative 
humidity 
0 to 95%RHa 
0 to 60%RH ±2.5%RH   
60 to 80%RH ±3.0%RHa
HUMICAP 0.75m 
Globe 
temperature 
0 to +100°Ca ±0.5°C or ±0.4% readinga
Type T thermocouple placed 
inside a 40 mm (diameter) 
matte black copper sphere 
0.6m/1.1ma 
Air velocity 0.05 to +2.5m/sa 
±3.0% reading, ±1.0% 
full scale rangea 
Omni-directional probe tip 
0.1m/0.6m/ 
1.1m/1.7ma 
Illuminance 0 to 10,000lux ±3.0% reading 0.85m 
CO2 0 to 2000ppm 
20 to 30°C ±(30ppm 
+2.0% reading) - 30 to 
40°C ±(35ppm +2.7% 
reading) 
Micro electro-mechanical 
system 
0.75m 
Sound level 30 to 130dB ±1.4dBb 0.3m 
a meets ASHRAE 55-2013 and ISO 7726:1988 standards 
b meets ANSI and IEC 61672-1 Type 2 standards 
Air temperature, relative humidity, air velocity and globe temperature sensors were used to 
measure the four environmental parameters which mostly influence the condition of thermal 
comfort in people (Fanger, 1970). Because air temperature, air velocity and globe temperature 
vary as a function of height in a given space, they were measured at different heights as 
recommended in ASHRAE 55-2013 and ISO 7730 standards (ISO, 1998; ANSI and ASHRAE, 
2013a). The average indoor air temperature, a, average globe temperature, g, and average air 
velocity, a, for each resident were calculated based on the body position of each participant, 
i.e.:  
 seated, a and a were calculated averaging the readings at 0.1, 0.6 and 1.1 m and g 
was measured at 0.6 m; 
 standing, a and a were calculated averaging the readings at 0.1, 1.1 and 1.7 m and g 
was measured at 1.1 m; 
 reclining, a, a and g was measured at 0.6 m. 
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Figure 5-1 shows the details of the mobile monitoring station, the ‘IEQ Cart.’ 
 
Figure 5-1 IEQ Cart used to measure and log IEQ parameters. a) IEQ Cart, b) side view of the 
IEQ Cart, c) detailed view of the air temperature, air velocity and globe sensors, d) detailed 
view of the data-acquisition unit.   
Mean radiant temperature was calculated using the globe temperature, the air temperature and 
air velocity measured at the height of the globe (ISO, 1998). Globe temperature was measured 
at 0.6 m for seated and reclining occupants and at 1.1 m for standing occupants. A copper 
sphere of 40 mm diameter, coated with a matte black paint (emissivity approximately equal to 
0.95), was used since this is held by many to be the optimum size to measure globe temperature 
in human comfort studies (Humphreys, 1977; Race, 2006). Mean radiant temperatures and 
operative temperatures were calculated using equations provided in the Annex B of ISO 
7726:1988 standard (ISO, 1998).  
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All the indoor environmental parameters were measured within a one-metre radius from the 
location of each participant and were sampled at one-second intervals and saved on the internal 
memory of the Graphtec-GL820® data logger. The globe temperature and the air temperature 
sensors were calibrated using a Fluke 7102 calibration Micro-Bath. The sound level meter was 
calibrated using a B&K Type 4231 sound calibrator which conformed to EN/IEC 60942 Class 
LS and Class 1, and ANSI S1.40-1984. While, the air velocity, relative humidity, CO2 and 
illuminance sensors were calibrated by their respective manufacturers. 
5.1.2 Sample and Case Study Facility 
Both research phases were approved by the University of Wollongong Human Research Ethics 
Committee and were conducted in the case study facility at Warilla, NSW, which has been 
previously described in Section 3.2. Data collection to determine the impact of the IEQ Cart on 
residents with dementia started on the 20th of October 2015 and ended on the 20th of November. 
This research phase was then followed by a pilot study which was conducted to assess the 
specific impacts that IEQ factors have on the manifestation of agitated behaviours in people 
with dementia. Data collection for the second research phase ended on the 13th of April 2016. 
All observations took place between 9.00 and 17.00.  
A total of 70 people with dementia were living in the facility during the study period and only 
residents who met all three inclusion criteria, as follows, were included in the representative 
sample:  
 the participant had been resident in the nursing home for at least three months;  
 the participant scored higher than 4 on the cognitive decline subject scale of the 
Psychogeriatric Assessment Scales (PAS); 
 a signed consent form was obtained from the legal guardian.  
Relocation may cause agitation in senior people moving to nursing homes, and relocation stress 
is likely to be higher in the first three months following the institutionalisation (Melrose, 2004). 
Hence, the period of residency criterion was included to reduce the probability that participants 
were still experiencing the relocation stress syndrome. PAS is a cognitive screening tool 
routinely used in Australian nursing homes to assess the level of cognitive functioning; total 
scores range from 0 to 21 and higher total scores indicate higher cognitive impairment. Jorm et 
al. (1995) have found that about 80% of the people with dementia scored higher than 4 in the 
PAS (Jorm et al., 1995). PAS assessments were administered by registered nurses prior the start 
of the data collection and all participants in this study scored 4 or higher. Consent was obtained 
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from the legal guardian of each participant since residents were unable to give informed consent 
for their inclusion in the study.  
During the first phase of this research a total of 12 signed consent forms were obtained from 
legal guardians; while, for the second phase, a total of 16 signed consent forms were obtained 
from residents’ legal guardians. However, in Phase 2, one participant did not meet the inclusion 
criterion, two residents passed away prior the commencement of the data collection, and three 
passed away during the study period. 
5.1.3 Assessment of Agitation 
Agitation was assessed using the Wisconsin Agitation Inventory (WAI) shown in Table 5-2 
(Kovach et al., 2004). The WAI is an observational tool used to rate agitation over a 3-minute 
period on a 5-point scale ranging from 0 ‘the person was entirely calm’ to 100 ‘high motor, 
verbal, or vocal behaviour’, with 25-point intervals. During each observation, the specific 
behaviour observed was also recorded.  
Table 5-2 Wisconsin Agitation Inventory  
Intrusiveness of the Cart 
The impact that the mobile equipment had on agitated behaviours of residents was determined 
by observing participants while involved in activities of daily living. Each observation, 
comprising three consecutive stages, was conducted as follows: 
 Pre-intervention: a trained research assistant entered the room where the participant 
was, and after 12 minutes assessed agitation for 3 minutes. The objective of the pre-
intervention stage was to determine the baseline agitation level of the participant. 
 Intervention: while the trained researcher remained in the room, a second researcher 
placed the IEQ Cart in close proximity to the participant (maximum distance 1 m) and 
then left the room. Agitation was then assessed after 12 minutes (by the first research 
assistant). The objective was to determine whether the IEQ Cart had caused agitation. 
Score 
Behaviour 
And – Or Intensity 
Number Duration 
0 0 - - The person was entirely calm 
25 1 ≤ 15 s And Minimal motor, verbal, or vocal behaviour 
50 1 16 - 59 s Or Motor, verbal, or vocal behaviour 
50 2 ≤ 15 s And Minimal motor, verbal, or vocal behaviour 
75 1 60 - 119 s And Minimal motor, verbal, or vocal behaviour 
75 2 16 - 59 s And Minimal motor, verbal, or vocal behaviour 
100 1 ≥ 120 s Or High motor, verbal, or vocal behaviour 
100 ≥ 2 ≥ 60 s Or High motor, verbal, or vocal behaviour 
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 Post-intervention: the IEQ Cart was removed from the room by the second research 
assistant, then after 12 minutes agitation was assessed for the third time (by the first 
research assistant). The objective was to determine whether the IEQ Cart could have 
had an effect on behaviours even after removing it from the room. 
Agitation was assessed only after 12 minutes the IEQ Cart was positioned into the room since 
that is the approximate time required for the globe sensors to reach thermal stability with the 
indoor environment.  
Impacts of IEQ Factors on Agitation 
Data were collected on one day each fortnight. During each day of monitoring each participant 
was observed twice, once in the morning and once in the afternoon. During each observation 
agitation was assessed for 3 minutes using the WAI (Kovach et al., 2004) and indoor 
environmental parameters were simultaneously measured and logged using the IEQ Cart. All 
participants were observed while performing activities and practices of day-to-day living.  
Prior to the assessment of agitation, information about the indoor environment and each 
participant were recorded using a standardized form, developed by the present author, which 
comprised three main sections:  
i. general information about the participant (e.g. ID, location, room type, activity level); 
ii. clothing (i.e. garments worn by the participant); 
iii. agitation (i.e. assessment using the WAI tool and list of behaviours observed were 
recorded). 
The metabolic rate of each participant was estimated using the tables provided in ISO 7730 
(ISO, 2005b) and in ASHRAE 55-2013 (ANSI and ASHRAE, 2013a), and total clothing 
insulation (Iclo) value for each participant was estimated by adding the thermal insulation 
provided by each individual garment. The thermal insulation of each garment was also 
estimated using the same ISO 7730 and ASHRAE 55-2013 standards. However, these standards 
could not be used to determine the total clothing insulation of people who were in bed. Thus, the 
total clothing insulation values of participants who were in bed were estimated by coupling the 
data collected (i.e. body position, sleepwear, and bedding) with the most similar combination of 
beds, bedding and sleepwear provided in the paper published by Lin and Deng (Lin and Deng, 
2008).  
100 
 
5.1.4 Analytical strategy 
Operative Temperature and PMV 
Operative temperature was calculated for each participant using the equations provided in 
Annex B and Annex G of ISO 7726 standard (ISO, 1998). While the Predicted Mean Vote 
(PMV) was evaluated using the computer code provided in Appendix B of ASHRAE 55-2013 
standard (ANSI and ASHRAE, 2013a). A copy of the computer code used for calculation of 
PMV is provided in Appendix J. The code was executed using Matlab R2014. 
Agitation Data 
The study involved repeated observations of the same subject over a period of time (Figure 5-2), 
and thus WAI data was highly correlated and not independent. A multilevel analysis (also 
known as a mixed model or a hierarchical model) was used because of its suitability for the 
analysis of datasets which have a hierarchical structure, i.e. data is correlated (Twisk, 2006; 
IBM Corp. Released, 2012), and because multilevel models can handle different numbers of 
observations within and between subjects (Twisk, 2006). In the present study, the dependent 
variable (WAI score) was ordinal, consisting of 5 ordered scores so the analysis was carried out 
using the generalized linear Mixed Model procedure in IBM SPSS Statistics (V21, IBM 
Corporation, Armonk, NY). The generalized linear mixed model is an extension of the mixed 
model which allows to carry out the analysis when the dependent variable is ordinal (IBM Corp. 
Released, 2012). A backward selection procedure was used. All potential predictors were 
initially entered into the model. Then the backward selection procedure started removing the 
independent variable that had the lowest association with the dependent variable. Independent 
variables were removed until the model contained only significant (p < .05) variables (Twisk, 
2006).  
 
Figure 5-2 Schematic of the agitation data structure. 
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5.2 Results  
5.2.1 Impact of IEQ Cart on Residents 
A total of 46 observations were conducted and agitation was assessed a total of 138 times. 
However, not all participants were observed the same number of times. Table 5-3 shows the 
gender and age of participants, and the number of observations per participant. 
Table 5-3 Descriptive characteristics of the study sample. 
Eight residents did not manifest any agitated behaviours during the observations (WAI score = 
0). Twice the WAI score increased after the IEQ Cart was positioned next to the residents, and 
twice the WAI score decreased after the IEQ Cart was brought into the room. 
Table 5-4 presents the coefficients estimated by the generalized linear mixed model, which 
analysed the relationship between the introduction of the IEQ Cart into the room and the WAI 
score, i.e. the dependent variable. The model had an overall accuracy of 94.9%.  
The WAI score was not found to be significantly influenced (p > .45) by the introduction of the 
IEQ Cart in the room, consequently, the impact of the IEQ Cart on agitated behaviours of 
residents was considered to be negligible. The mobile equipment was, therefore, used 
Gender Age 
N° Observations per 
resident 
female 86 5 
female 86 5 
female 76 3 
female 74 2 
male 84 1 
male 82 5 
male 82 3 
male 81 5 
male 79 4 
male 78 4 
male 75 4 
male 68 5 
Table 5-4 Fixed coefficients estimated by the generalized linear mixed statistical model. The 
dependent variable was the WAI score. Reference category: WAI score = 75. 
Model term Coefficient Sig. 
Threshold for WAI score 
0 2.987 .000 
25 4.609 .000 
50 5.899 .000 
Pre-intervention 0a - 
Intervention -0.205 .822 
Post-intervention -0.758 .453 
Probability distribution: Multinomial 
Link function: Cumulative logit 
a this coefficient is set to zero because it is redundant.  
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subsequently to measure and log environmental parameters in the field study described in 
Chapter 7. It should be noted that since the sample size in this study was small, some doubt 
remains as to whether the study could reveal whether the IEQ Cart had minimal impact on 
behaviours of residents.  
Additional anecdotal evidence regarding the specific impact of the IEQ Cart on residents was 
collected during the field study described in Chapter 7. During the field data collection, none of 
the participants showed agitated behaviours that were directly attributable to the presence of the 
Cart into the room. 
5.2.2 Impact of IEQ Factors on Agitated Behaviours 
A total of 193 observations were conducted. Table 5-5 shows the characteristics of the sample 
of participants, including the number of times each specific WAI score occurred. Activity level 
(i.e. metabolic rate, M) did not vary substantially across participants, while total clothing 
insulation (Iclo) did vary considerably (ranging from 0.37 to 2.39 clo). This suggests that 
residents may have effectively modified their total clothing insulation to compensate for 
variations in the indoor operative temperature. Operative indoor temperature ranged between 
22.3°C and 26.6°C and in 111 cases (58% of the total) the estimated PMV index was within the 
optimal thermal comfort range (-0.5 < PMV < +0.5) recommended by ISO 7730 (ISO, 2005b) 
and ASHRAE 55-2013 (ANSI and ASHRAE, 2013a).  
Table 5-5 Characteristics of the study sample and the environmental parameters recorded 
during WAI observations of agitated behaviours. 
Analysis of the raw data on lighting levels showed that some areas of the facility were poorly lit 
and approximately 16% of the data collected were below 80 lx, which was the threshold 
 Resident WAI score M (met) Iclo (clo) To (°C) PMV Lux (lx) 
CO2 
(ppm) 
Sound 
(dB) 
ID  Gender Age PAS 0 25 50 75 100 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
54 female 75 16-21 9   1   1 0.9 0.1 0.66 0.09 24.2 0.9 -1.3 1.2 628 136 603 50 67.0 4.9
73 female 83 16-21 4 9 3 3   0.8 0.0 1.67 0.17 24.1 0.6 0.1 0.3 162 203 558 103 60.2 2.1
81 female 84 16-21 2     1 1 0.9 0.1 1.41 0.42 24.8 0.6 0.3 0.5 411 263 546 86 61.9 12.3
39 female 87 16-21 12         0.9 0.0 0.68 0.11 24.6 0.6 -0.5 0.3 998 280 800 165 65.1 3.0
106 female 87 4-9 19         1.0 0.1 0.67 0.12 24.3 0.9 -0.6 0.5 654 194 752 179 65.0 4.4
86 male 69 16-21 20         0.8 0.0 1.71 0.29 23.7 0.7 -0.2 0.6 360 223 671 68 60.9 4.0
102 male 76 16-21 22         1.0 0.2 0.65 0.15 24.5 0.9 -0.4 0.5 813 426 740 176 63.4 3.1
96 male 79 10-15 21         1.0 0.1 0.85 0.17 24.3 1.0 -0.1 0.5 488 368 645 163 62.3 5.9
24 male 80 16-21 18 1       0.8 0.1 1.57 0.22 23.8 0.8 -0.2 0.5 462 201 662 77 62.6 5.7
36 male 83 16-21 14   1 1 4 1.1 0.3 0.66 0.14 24.4 1.1 -0.2 0.6 382 286 671 199 60.7 5.4
52 male 83 16-21 3       1 0.7 0.0 1.90 0.36 24.6 1.0 0.1 0.6 920 127 527 72 64.7 5.9
70 male 83 16-21 6         0.8 0.0 1.61 0.35 23.7 0.5 -0.2 0.5 424 36 656 57 60.1 1.6
112 male 85 10-15 15     1   1.0 0.1 0.75 0.08 24.8 1.0 -0.2 0.3 257 281 634 202 62.0 4.8
Total 165 10 5 6 7 0.9 0.2 1.06 0.50 24.2 0.9 -0.3 0.6 509 359 667 161 62.6 5.2
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required by the Australian standard 1680.1:2006 for the performance of ‘rough intermittent’ 
tasks.  
In terms of indoor air quality, the results shown in Table 5-5 demonstrate that CO2 
concentrations appeared to be relatively high. The highest CO2 concentration measured indoors 
was 1183 ppm, and 18% of the data collected exceeded 800 ppm, the recommended maximum 
concentration limit in the Australian Standard AS 1668.2 – 2012 (AS, 2012).  
The nursing home was also a noisy environment, which, from anecdotal evidence, would appear 
to be not uncommon in the aged care sector generally. Figure 5-3 shows the sound level data 
(LAeq,3-min) calculated averaging the data collected during each of the three minutes observation 
periods. The figure also reports the maximum recommended design sound level for nursing 
homes (AS/NZS, 2016). All experimental acoustic data recorded exceeded the recommended 
design ranges of sound levels.  
 
Figure 5-3 Maximum recommended design sound levels for different areas in nursing homes 
(AS/NZS, 2016) and experimental data collected in the present study. Please see (Appendix A) 
for a detailed explanation on how to interpret a violin plot. 
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IEQ and Agitation 
Table 5-6 shows the fixed coefficients estimated by the generalized linear mixed model used to 
analyse the relationship between the IEQ parameters and WAI score. Data with PMV values 
greater that +2 or less than -2 were excluded from the analysis since these values were strictly 
outside the range of applicability of the PMV model (ISO, 2005b). During the data analysis 
process, the following independent variables were added to the model: CO2 concentration 
(ppm), illuminance on a horizontal plane (lux), A-weighted sound pressure levels (dB), 
operative temperature To (°C), Predicted Mean Vote (PMV), and age. Along with these main 
predictors, the square of the operative temperature and the square of the PMV index were also 
entered into the model as independent variables, since agitation was hypothesized to increase 
when participants were exposed to both warm and cold indoor thermal environments. After 
removing the non-significant predictors, using a backward elimination, only PMV and PMV2 
were left in the statistical model since the corresponding values of p were less than .05, i.e. they 
were significant predictors of agitation.  
Table 5-6 Estimated fixed coefficients of the statistical model of the impacts of IEQ parameters 
on WAI scores. 
Fixed coefficients – Dependent variable WAI score 
  
    
95% Confidence 
Interval 
Parameter Coefficient 
Std. 
Error 
t Sig. 
Lower 
Bound 
Upper 
Bound 
Threshold for 
WAI score = 
0 3.329 0.786 4.237 .000 1.779 4.879 
25 4.395 0.844 5.210 .000 2.731 6.060 
50 4.869 0.874 5.572 .000 3.145 6.593 
75 5.819 0.950 6.124 .000 3.945 7.694 
PMV 2.451 0.584 4.194 .000 1.298 3.605 
PMV2 2.657 0.922 2.881 .004 0.837 4.477 
Reference category WAI score = 100. 
Probability distribution: Multinomial. 
Link function: Cumulative logit. 
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Figure 5-4 presents the experimental data collected, as well as, the regression curves estimated 
by the statistical model. The maximum probability of obtaining WAI = 0 was for PMV = -0.46 
and for -1.06 ≤ PMV ≤ +0.14 the estimated probability of observing any agitated behaviours 
(WAI score ≠ 0) was 5%. Thus, results suggest that residents with dementia were less agitated 
when exposed to either slightly cool or neutral (-1 < PMV < 0), thermal comfort conditions, 
while the model predicted that agitation significantly increased when PMV was lower than -1 or 
higher than 0.   
 
Figure 5-4 Regression curves estimated by the statistical model. 
The present study failed to determine a significant correlation between the other environmental 
factors and agitation (i.e. operative temperature, illuminance, CO2 concentrations and sound 
levels). In particular, results did not show a significant correlation between noise and agitation, 
despite evidence from previous studies has shown that noise negatively influences behaviours in 
people with dementia (Desai and Grossberg, 2001; Pelletier and Landreville, 2007; Garre-Olmo 
et al., 2012; Joosse, 2012; Aminoff, 2016), and that unnecessary background noise in nursing 
homes should be minimised to reduce agitation (Perriol et al., 2005; Fleming and Purandare, 
2010; van Hoof, Kort, van Waarde, et al., 2010). It is possible, however, that a statistically 
significant correlation between agitation and noise was not detected because noise may impact 
specific agitated behaviours in different ways. Indeed, Cohen-Mansfield and Werner (1995) 
found that most agitated behaviours decreased when the environment was noisy, with exception 
of aggressive behaviours and requests for attention. 
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5.2.3 Limitations 
The main objectives of this part of the overall project were: i) to develop a non-intrusive 
methodology to assess IEQ parameters and agitation in nursing homes; and ii) to determine the 
specific impact that IEQ parameters have on agitation of people with dementia. 
Although the present author believes that the former objective was thoroughly met, the analysis 
of the impact of IEQ factors on agitation did not lead to statistically robust results. Because of 
the relatively small sample size, and limited funding and human resources which put constraints 
on the number of participants and facilities that could be assessed.   
5.3 Chapter Summary 
This chapter has provided a detailed description of the non-intrusive mobile equipment which 
was designed to assess indoor environmental parameters in nursing homes and of the 
methodology used to collect data. This chapter has also presented the results of a field study 
which aimed to determine the impacts that indoor environmental factors have on agitated 
behaviours of residents with dementia. Results showed that the PMV index may be used not 
only to provide a measure of the thermal comfort conditions for occupants in a particular indoor 
environment, but also as a predictor of agitation in people with dementia. Nonetheless, this 
study had a small sample size, thus, more research is needed to investigate the specific impact 
that IEQ has on agitation of residents in nursing homes. 
107 
 
6 Indoor Air Temperature and Agitated Behaviours of Residents with 
Dementia Living in a Case Study Nursing Home 
Agitated behaviours are frequently observed in residents of nursing homes, especially in 
residents with dementia. Such behaviours are one of the most challenging management 
problems in nursing homes (Cohen-Mansfield and Werner, 1995). Previous studies have shown 
how some environmental conditions influence agitated behaviours (Cohen-Mansfield and 
Werner, 1995; Ragneskog et al., 1998; Zeisel et al., 2003; Barrick et al., 2010; Joosse, 2012; 
Fu, Moyle and Cooke, 2013; Porsteinsson et al., 2014; Fleming et al., 2016). However, 
significant uncertainty remains as to the extent that indoor thermal conditions impact on the 
manifestation of agitated behaviours (Wong et al., 2014; Walker, Brown and Neven, 2015).  
This study aimed to answer the following research question: ‘How does indoor air temperature 
affect frequency and disruptiveness of agitated behaviours of residents with dementia in nursing 
homes?’  
6.1 Research Method 
The following data was collected in this study:  
 frequency and disruptiveness of agitated behaviours; 
 indoor air temperature; and 
 time spent by each resident in various locations throughout the nursing home.  
Data collection started in March 2015 and ended in December 2015. The study was approved by 
the University of Wollongong Human Research Ethics Committee. 
6.1.1 Sample and Case Study Facility 
The study was conducted in a particular nursing home located in Warilla, NSW, Australia. 
Please refer to section 3.2 for a detailed description of the facility. A total of 54 people with 
dementia were living in the dementia unit. Residents were included in the sample only if they 
met all three inclusion criteria, as follows:  
 the participant had been resident in the nursing home for at least three months;  
 the participant scored higher than 4 on the cognitive decline subject scale of the 
Psychogeriatric Assessment Scales (Jorm et al., 1995); and 
 a signed consent form was obtained from the legal guardian.  
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The rationale for the selection of the inclusion criteria above is explained in detail in Section 
5.1.2. A total of 21 signed consent forms were obtained from the legal guardians. 
Psychogeriatric Assessment Scales (PAS) assessments were administered by registered nurses 
prior the start of the data collection. All the 21 residents scored 10 or higher in the PAS, and all 
had been resident in the facility for more than three months and they were all, therefore, 
included in the study. Written consent was also obtained from caregivers who completed the 
Cohen-Mansfield Agitation Inventory (CMAI).  
6.1.2 Assessment of Agitation 
The Cohen-Mansfield Agitation Inventory (CMAI) nursing home version was used to assess 
agitation (Cohen-Mansfield, Marx and Rosenthal, 1989), a copy of which is provided in 
Appendix G. The CMAI is a well-known caregivers’ rating questionnaire used to assess 
frequency and disruptiveness of agitated behaviours. The CMAI comprises a list of 29 agitated 
behaviours, each rated on a 9-point frequency scale and a 6-point disruptiveness scale. 
Frequency scores range from 1 to 9 with 1 denoting never to 7 denoting several times an hour; 8 
and 9 denote would occur if not prevented and not applicable, respectively. Disruptiveness 
scores range from 1 to 5 with 1 denoting not at all to 5 denoting extremely; a score of 9 denotes 
not applicable. Disruptiveness was assessed to determine the degree to which the behaviour 
affects caregivers and others who come into contact with an individual (Cohen-Mansfield, 
2008). Figure 6-1 shows a list of the 29 agitated behaviours contained in the CMAI; behaviours 
have been grouped in four subtypes or syndromes of agitation (Cohen-Mansfield, 2008). 
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Figure 6-1 The 29 behaviours contained in the Cohen-Mansfield Agitation Inventory (CMAI). 
Behaviours have been grouped in four main subtypes or syndromes of agitation (Cohen-
Mansfield, 2008). 
Personal care assistants, blinded to the study aim, were trained individually by a psychologist 
for approximately an hour and they were provided with a copy of the CMAI prior to completing 
the questionnaires. The CMAIs were administered in a quiet part of the facility, in a face-to-face 
situation, by a trained research assistant (i.e. with the present author) who ensured that 
caregivers were completing each questionnaire with sufficient attention to details and that any 
points of clarification from the caregivers could be answered. One CMAI per resident was made 
each fortnight.  
Not all residents were always assessed by the same caregiver, and the assessment of some 
specific behaviours was influenced by some external factors. For example, some residents were 
not native English speakers and hence they would occasionally speak in their own mother 
tongue. As a result, some caregivers could not precisely determine whether the resident had 
been cursing or not, and in that instance they rated the behaviour as ‘not applicable’. 
Consequently, when a score equal to 8 or 9 was recorded, it was substituted with the average 
score that the resident received for that specific behaviour during the whole research period in 
line with previous studies (Cohen-Mansfield, 1991). This was believed to be the best approach 
since it would lead to minimization of errors in the results. 
verbal/vocal
Verbally non-aggressive Verbally aggressive
repetitive sentences or questions cursing and verbal aggression
complaining verbal sexual advances
negativism making strange noises
constant, unwarranted requests for attention or 
help
screaming
non-aggressive aggressive
Physically non-aggressive Physically aggressive
eating or drinking inappropriate substances physical sexual advances
performing repetitious mannerisms hurting self or others
inappropriate dressing or disrobing intentional falling
trying to get to a different place throwing things
handling things inappropriately tearing things
pacing, aimless wandering scratching
general restlessness grabbing
hoarding things kicking 
hiding things pushing
spitting
hitting
biting
physical
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6.1.3 Indoor Air Temperature 
Indoor air temperature (dry-bulb) throughout the dementia section of the nursing home was 
measured and logged using 24 iButton® (Maxim Integrated, 2015). The iButtons® were small, 
cylindrical data logging devices, 17.5 mm in diameter and 6 mm deep. They were able to 
measure and store dry-bulb air temperature at 15-minute intervals, with a claimed accuracy of 
±0.5°C over a temperature range of -40°C to 85°C, complying with the requirements of ISO 
7726:1998 standard (ISO, 1998). The sensors were installed on internal walls using thick 
adhesive tape at the approximate chest-height of occupants (0.6 m sitting/reclining, 1.1 m 
standing) in locations where residents spent the majority of their time indoors, as suggested by 
ISO 7726:1998. The specific height of the sensors in each room was selected based on the most 
common type of activity and body position of the participants therein. The temperature sensor in 
each iButton® was encased in the body of the iButton®, a polished metal capsule, to reduce the 
effects of thermal radiation, they were not exposed to solar radiation, or radiation from 
neighbouring heat sources, and were not installed above radiators or under air conditioners. The 
locations where the sensors were installed is shown in Figure L-6 in Appendix L. 
  
Figure 6-2 Picture of two iButtons® used to measure indoor air temperature in the present 
study. 
6.1.4 Location of the Residents 
After completing each CMAI, caregivers were asked to report the location where the resident 
had spent the majority of time during each hour of a typical day during a given fortnightly 
observation period using Table 6-1.  
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Table 6-1 Table used to record average hourly location of each resident over the fortnightly 
observation cycle.  
6.1.5 Analytical Strategy 
Temperature data analysis 
Two indices were developed to characterize the thermal environment experienced by 
participants by combining temperature data and the reported location of each resident 
throughout the nursing home: a) the average indoor air temperature to which each resident was 
exposed over each fortnightly observation period, based on the location information provided by 
caregivers (Table 6-1), and b) the cumulative percentage of time that each resident was likely to 
have been exposed to temperatures outside a ‘comfort temperature range’ over each fortnightly 
observation period. The lower and the upper limits of the comfort temperature range were taken 
to be 20°C and 26°C, respectively, where this range was selected following the 
recommendations provided in Annex A of ISO 7730:2005 Standard (ISO, 2005b). Guidelines 
from ISO 7730:2005 were used since, at the time of writing, the Australian residential aged care 
Accreditation Standards did not provide guidelines in regards to a temperature range that should 
be maintained in nursing homes. 
Agitation Data 
CMAI data was highly correlated since the same resident was assessed more than once. Thus, a 
standard statistical tool (i.e. ANOVA) could not have been used to analyse the data since one of 
the main assumptions of such statistical tools is that all observations are independent (Twisk, 
2006). As was the case for the study described in Chapter 5, a multilevel analysis (also known 
as mixed model or hierarchical model) was used because of its suitability for the analysis of data 
which have a hierarchical structure and are correlated, multilevel models can handle different 
numbers of observations within and between subjects (Twisk, 2006). Observations were 
clustered by residents, and residents were clustered by observers. Data analysis was carried out 
using the Mixed Model procedure in IBM SPSS Statistics (V21, IBM Corporation, Armonk, 
NY). Figure 6-3 shows the three-level hierarchical structure of the data collected.  
Time 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Location                         
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Figure 6-3 Schematic of the three-level hierarchical data structure. Observations (Level 1) were 
clustered within residents (Level 2) and residents were clustered within caregivers (Level 3). 
CMAI data was post-processed to provide an overall characterisation of each participant’s 
behaviour, for a given two-week observation period, using the following three indices 
chosen/developed by the present author: 
 the ‘CMAI Total Frequency’ score, which is a measure of the overall frequency of 
observed manifestations of agitation, and is defined as the sum of all 29 individual 
CMAI frequency scores;  
 the ‘CMAI Partial Frequency’ score, which is a measure of the overall frequency of the 
four behavioural subtypes, i.e. physical aggressive, physical non-aggressive, verbally 
aggressive and verbally non-aggressive  (see Figure 6-1 for detailed description 
behaviours sub-types); and 
 the ‘CMAI Overall Disruptiveness’ score, which is a combined measure of frequency 
and intensity of disruptive behaviours, and is defined as the sum of the individual 
products of frequency and respective disruptiveness scores for each of the 29 CMAI 
items for each participant. 
Three separate statistical models were developed to answer the research questions. The first 
model examined the relationship between indoor average temperatures to which each resident 
was exposed during each fortnight and the frequency at which participants manifested agitated 
behaviours. The dependent variable (y) was transformed using the negative reciprocal function, 
i.e. -1/y. The reciprocal transformation changes the order among values, making the largest 
value the smallest. Thus, the negative reciprocal function was used to preserve the order among 
the values. For easier interpretation of the intercept coefficients the independent variable was 
centred using the mean value of the independent variable, i.e. 23.5°C.  
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A second analysis was carried out to determine the specific correlation between the 
manifestation of agitated behaviours and the estimated cumulative percentage of time at which 
residents were exposed to temperatures lower than 20°C and higher than 26°C during each 
fortnight. As in the previous model, to meet the statistical assumptions of the model, the 
dependent variable (y) was transformed using the negative reciprocal function, -1/y. 
Finally, a third multilevel model was used to determine the degree to which agitated behaviours, 
caused specifically by thermal discomfort, were disruptive to other occupants. The CMAI 
Overall Disruptiveness score was transformed using the natural logarithmic function and was 
entered in the model as the dependent variable. The independent variable was centred using the 
average temperature mean value (23.5°C). 
The goodness of fit achieved by adding one parameter at a time to the model was determined by 
testing the difference in the -2 log likelihood values against a Chi-square distribution. A p value 
of .05 was adopted as the standard for significance testing. The maximum likelihood method 
was selected as the estimation method since this is claimed to produce more accurate estimates 
of fixed regression parameters (Twisk, 2006). Data were examined to check that the 
assumptions of normality of the residuals and homoscedasticity were met for each model. 
CMAI Total Frequency scores were positively skewed and the assumption of normality of the 
residuals was not met, thus, the dependent variable was transformed in all models (Twisk, 
2006). By transforming the dependent variable we were able to demonstrate that each model 
met the test assumptions.  
6.2 Results 
Indoor air temperature varied significantly as a function of both space and time during the 
research period. The highest indoor air temperature recorded was 33.6°C in a bedroom when the 
outdoor temperature reached 37.3°C. The main causes of such high indoor air temperatures 
were thought to be the relatively low thermal resistance of the building envelope (wall, floor and 
ceiling/roof) and the absence of air conditioning systems in some rooms. Occupant behaviours 
also affected indoor air temperatures to some extent, as windows were often found to be open 
during hot days even in unoccupied rooms, allowing warm outdoor air to enter and warm up the 
interior of the building.  
While, the lowest indoor air temperature (16.2°C) was recorded in a corridor for three 
consecutive mornings in May 2015. The main cause of the low temperatures at these times was 
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the absence of a localized control system to regulate the heating provided to individual rooms. 
This was also the main cause of overly warm indoor temperatures during the heating season, 
e.g. on 9th of June the outdoor temperature reached 22.4°C but the unregulated heating system 
led to indoor temperatures as high as 26.6°C. 
6.2.1 Characteristics of the Sample of Participants 
A total of 330 CMAI forms were collected. Five participants passed away during the research 
project and agitation data from the fortnight prior to their passing away were not included in the 
present analysis, thus not all participants were observed the same number of times. Table 6-2 
shows the characteristics of the sample, including the number of times agitation was assessed 
for each participant and mean, minimum, and maximum CMAI Total Frequency scores. 
Table 6-2 Characteristics of the sample of participants. 
 CMAI Total Frequency scores 
PAS score Clinical characteristic Age N° observations Mean (SD) Min Max 
Females 
16-21 Alzheimer's disease/Depression 88 15 49.1 (19.7) 31 94 
10-15 Alzheimer's disease 67 18 78.8 (27.5) 38 131 
10-15 Alzheimer's disease/Depression 88 19 40.4 (5.4) 34 57 
16-21 Alzheimer's disease/Depression 88 19 47.9 (5.3) 41 61 
16-21 Other dementia 61 19 36.1 (5.6) 29 47 
16-21 Alzheimer's disease/Depression 86 20 36.7 (10.1) 29 72 
10-15 Alzheimer's disease 86 20 50.7 (11.3) 33 76 
Males 
16-21 Alzheimer's disease/Depression 75 3 35.7 (0.6) 35 36 
10-15 Other dementia 92 5 46.8 (8.0) 38 57 
16-21 Alzheimer's disease 82 7 78.6 (25.7) 50 111 
16-21 Alzheimer's disease/Depression 88 7 41.1 (6.7) 35 53 
16-21 Other dementia 77 13 46.1 (4.5) 36 54 
10-15 Alzheimer's disease/Depression 81 15 42.5 (8.4) 29 64 
16-21 Alzheimer's disease 86 17 39.4 (5.7) 34 58 
16-21 Vascular dementia/Depression 82 18 62.5 (27.8) 29 125 
16-21 Other dementia 70 18 71.9 (27.5) 29 132 
16-21 Vascular dementia 82 18 80.7 (27.7) 47 134 
16-21 Alzheimer's disease 88 19 44.5 (10.5) 34 70 
16-21 Alzheimer's disease/Depression 82 20 41.7 (11.1) 31 72 
16-21 Other dementia 73 20 40.7 (8.6) 31 67 
16-21 Vascular dementia 82 20 36.7 (4.7) 33 49 
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6.2.2 Frequency of Manifestation of Agitated Behaviours and Indoor Average 
Temperature 
CMAI Total Frequency Score 
The negative reciprocal of each CMAI Total Frequency score was entered into the model as the 
dependent variable. The trends in the data were best described by a second-order polynomial 
regression equation, and CMAI Total Frequency scores were found to significantly increase 
when average indoor air temperatures deviated from 22.6°C. Table 6-3 shows the output of the 
multilevel analysis.  
Table 6-3 Estimated fixed effects and covariance parameters for the statistical model of the 
impact of average temperatures to which each resident was exposed over each fortnight on 
CMAI Total Frequency scores. 
Estimates of Fixed Effectsa 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -2.14E-02 1.44E-03 17.82 -14.9 0.000 -2.44E-02 -1.84E-02 
Average temperature (Centred) 7.09E-04 2.30E-04 313.01 3.09 0.002 2.57E-04 1.16E-03 
[Average temperature (Centred)]2 3.80E-04 1.14E-04 306.98 3.33 0.001 1.55E-04 6.04E-04 
  
Estimates of Covariance Parametersa 
    
    
95% Confidence 
Interval 
Parameter  Estimate 
Std. 
Error 
Wald 
Z 
Sig. 
Lower 
Bound 
Upper 
Bound 
Residual  1.33E-05 0.00 12.22 0.000 1.13E-05 1.56E-05 
Intercept [subject = Resident] Variance 6.70E-06 0.00 2.49 0.013 3.05E-06 1.47E-05 
Intercept [subject = Caregiver] Variance 2.03E-05 0.00 2.28 0.022 8.60E-06 4.79E-05 
a Dependent Variable: -1/(CMAI Total Frequency score). 
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Figure 6-4 shows the CMAI Total Frequency scores plotted against the average indoor air 
temperature experienced by each participant. The best-fit regression curve was plotted by ‘back 
transforming’ the regression coefficients estimated by the multilevel model. 
 
Figure 6-4 CMAI Total Frequency scores determined for each resident plotted against the 
average temperature that the resident was likely to be exposed to over a given two-week 
observation period. 
CMAI Frequency Partial Scores 
The negative reciprocal of the CMAI frequency partial scores were entered into the model as 
dependent variable to determine correlation between indoor average temperatures and each of 
the four syndromes of agitation.  
Table 6-4 shows the results obtained from the statistical analysis. Physically aggressive and 
non-aggressive behaviours were significantly correlated with the average temperatures at which 
residents were exposed over each fortnight. The trend in the data was best described by a 
second-order polynomial regression equation; physically aggressive behaviours were found to 
increase when average temperatures deviated from 22.5°C while physically non-aggressive 
behaviours increased when temperatures deviated from 22.7°C. Verbal behaviours, both 
aggressive and non-aggressive were not significantly correlated with the indoor average 
temperature.  
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Table 6-4 Estimated fixed effects for the statistical model of the impact of average temperatures 
to which each resident was exposed over each fortnight and CMAI Partial Frequency scores. 
Physically non-aggressive 
Estimates of Fixed Effectsa 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -7.17E-02 5.91E-03 22.38 -12.1 0.000 -8.39E-02 -5.94E-02 
Average temperature (Centred) 2.20E-03 9.14E-04 311.18 2.40 0.017 3.99E-04 4.00E-03 
[Average temperature (Centred)]2 1.35E-03 4.54E-04 306.19 2.97 0.003 4.56E-04 2.25E-03 
 a Dependent Variable: -1/(CMAI Physically Non-aggressive score). 
Physically aggressive 
Estimates of Fixed Effectsb 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -6.28E-02 3.49E-03 21.74 -18.0 0.000 -7.00E-02 -5.55E-02 
Average temperature (Centred) 1.88E-03 7.02E-04 314.46 2.68 0.008 5.01E-04 3.26E-03 
[Average temperature (Centred)]2 9.78E-04 3.50E-04 307.56 2.79 0.006 2.89E-04 1.67E-03 
 b Dependent Variable: -1/(CMAI Physically Aggressive score). 
6.2.3 Cumulative Exposure to Temperatures Lower than 20°C and Higher than 26°C 
CMAI Total Frequency Score 
The negative reciprocal of the CMAI Total Frequency score was entered into the model as the 
dependent variable. A linear best-fit of the data to the model was determined. The cumulative 
percentage of time at which residents were exposed to temperatures outside the comfort 
temperature range significantly predicted CMAI Total Frequency scores. Table 6-5 provides a 
summary of the outputs from the multilevel analysis.  
Table 6-5 Estimated fixed effects and covariance parameters for the statistical model of the 
impact of cumulative exposure to temperatures lower than 20°C and higher than 26°C during 
each fortnight on CMAI Total Frequency scores. 
Estimates of Fixed Effectsa 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -2.14E-02 1.44E-03 17.59 -14.9 0.000 -2.45E-02 -1.84E-02 
%Time outside comfort 
temperature range 
6.46E-05 1.82E-05 305.09 3.55 0.000 2.88E-05 1.00E-04 
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Estimates of Covariance Parametersa         
    
    
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
Wald 
Z 
Sig. 
Lower 
Bound 
Upper 
Bound 
Residual 1.34E-05 1.09E-06 12.22 0.000 1.14E-05 1.57E-05 
Intercept (subject = Resident) Variance 6.55E-06 2.64E-06 2.48 0.013 2.97E-06 1.44E-05 
Intercept (subject = Caregiver) Variance 2.04E-05 8.94E-06 2.28 0.023 8.63E-06 4.82E-05 
a Dependent Variable: -1/(CMAI Total Frequency score). 
Figure 6-5 shows the CMAI Total Frequency scores plotted against the cumulative percentage 
of time at which temperatures outside the comfort range were recorded over each fortnight. The 
best-fit linear regression equation was plotted using the regression coefficients estimated by the 
multilevel model. 
 
Figure 6-5 CMAI Total Frequency scores plotted against the cumulative percentage of time that 
temperatures were outside the comfort range during each fortnight of observations for each 
participant. 
CMAI Frequency Partial Scores 
Table 6-6 shows the results obtained by entering the negative reciprocal of the CMAI partial 
frequency scores into the model as dependent variables. Physically aggressive and non-
aggressive behaviours were linearly correlated with cumulative percentage of time that residents 
29
58
87
116
145
0 10 20 30 40 50 60 70
C
M
A
I 
T
ot
al
 F
re
qu
en
cy
 s
co
re
Percentage of time (%)
Regression Equation CMAI scores
119 
 
with dementia were exposed to temperatures lower than 20°C and higher than 26°C. Both 
verbally agitated and non-agitated behaviours were not significantly correlated with cumulative 
exposure to temperatures outside the comfort range. 
Table 6-6 Estimated fixed effects estimated for the statistical model of the impact of cumulative 
exposure to temperatures lower than 20°C and higher than 26°C during each fortnight on 
CMAI Partial Frequency scores. 
Physically non-aggressive 
Estimates of Fixed Effectsa 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -7.21E-02 5.89E-03 23.0 -12.3 0.000 -8.43E-02 -5.99E-02 
%Time outside comfort 
temperature range 
2.58E-04 7.18E-05 304.6 3.59 0.000 1.17E-04 3.99E-04 
 a Dependent Variable: -1/(CMAI physically non-aggressive score). 
Physically aggressive 
Estimates of Fixed Effectsb 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept -6.26E-02 3.49E-03 20.8 -17.9 0.000 -6.98E-02 -5.53E-02 
%Time outside comfort 
temperature range 
1.51E-04 5.60E-05 304.5 2.70 0.007 4.09E-05 2.61E-04 
 b Dependent Variable: -1/(CMAI physically aggressive score). 
 
6.2.4 Disruptiveness of the Agitated Behaviours 
Indoor Average Temperature 
The trend in the data was best described by a second-order polynomial regression equation. The 
CMAI Overall Disruptiveness scores were found to increase significantly when average 
temperatures deviated from 22.5°C. This aligned with the findings obtained in the analysis in 
Section 6.2.2 above, which examined the correlation between average indoor air temperature 
and CMAI Total Frequency score. Table 6-7 shows the outputs from the multilevel analysis.  
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Table 6-7 Estimated fixed effects and covariance parameters for the statistical model of the 
impact of average indoor air temperatures on CMAI Overall Disruptiveness scores. 
Estimates of Fixed Effectsa 
     95% Confidence Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept 4.58 0.16 17.96 28.24 0.000 4.24 4.92 
Average temperature 
(Centred) 
0.0839 0.0246 311.92 3.41 0.001 0.0354 0.1324 
[Average temperature 
(Centred)]2 
0.0415 0.0122 306.09 3.39 0.001 0.0174 0.0656 
  
Estimates of Covariance Parametersa 
95% Confidence Interval 
Parameter 
 
Estimate 
Std. 
Error 
Wald 
Z 
Sig. 
Lower 
Bound 
Upper 
Bound 
Residual 0.153 0.013 12.21 0.000 0.130 0.180 
Intercept [subject = 
Resident] 
Variance 0.087 0.034 2.56 0.011 0.040 0.187 
Intercept [subject = 
Caregiver] 
Variance 0.257 0.112 2.31 0.021 0.110 0.602 
a Dependent Variable: LN(CMAI Overall Disruptiveness score). 
Figure 6-6 shows the CMAI Overall Disruptiveness scores plotted against the average indoor air 
temperature that each resident was estimated to have been exposed to during each fortnight of 
the observation. The best-fit regression curve was plotted back transforming the regression 
coefficients estimated by the multilevel model. 
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Figure 6-6 Total CMAI Overall Disruptiveness scores plotted against the cumulative 
percentage of time that temperatures were outside the comfort range during each fortnight of 
observations for each participant. 
Cumulative Exposure to Temperatures Lower than 20°C and Higher than 26°C 
The CMAI Overall Disruptiveness scores were also positively correlated with the cumulative 
exposure to temperatures lower than 20°C and higher than 26°C. The trend in the data was best 
described by a linear regression equation. Table 6-8 shows the outputs from the multilevel 
analysis. 
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Table 6-8 Estimated fixed effects and covariance parameters for the statistical model of the 
impact of cumulative exposure to temperatures lower than 20°C and higher than 26°C during 
each fortnight on CMAI Overall Disruptiveness scores. 
Estimates of Fixed Effectsa 
  
     
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
df t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept 4.577 0.163 17.61 28.1 0.000 4.234 4.920 
%Time outside comfort 
temperature range 
0.00686 0.00195 304.38 3.51 0.001 0.00302 0.0107 
  
Estimates of Covariance Parametersa         
    
    
95% Confidence 
Interval 
Parameter Estimate 
Std. 
Error 
Wald 
Z 
Sig. 
Lower 
Bound 
Upper 
Bound 
Residual 0.1543 0.0126 12.21 0.000 0.1314 0.1812 
Intercept (subject = 
Resident) 
Variance 0.0845 0.0332 2.55 0.011 0.0391 0.1826 
Intercept (subject = 
Caregiver) 
Variance 0.2633 0.1142 2.31 0.021 0.1125 0.6162 
a Dependent Variable: LN(CMAI Overall Disruptiveness score). 
Figure 6-7 shows the CMAI Overall Disruptiveness scores plotted against the cumulative 
percentage of time at which temperatures outside the comfort range were recorded over each 
fortnight. The best-fit linear regression was plotted back transforming the regression coefficients 
estimated by the multilevel model. 
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Figure 6-7 CMAI Overall Disruptiveness scores plotted against the cumulative percentage of 
time at which temperatures outside the comfort range were measured during each fortnight of 
observations. 
6.3 Discussion 
Agitated behaviours are commonly observed in residents of nursing homes with dementia and 
their management is one of the most challenging problems in nursing homes (Cohen-Mansfield 
and Werner, 1995). Data on the care needs of permanent residents in subsidised Australian 
residential aged care centres indicates that 87% of the residents with dementia needed a high 
level of care and that about 62% of them scored the highest possible rating in the behaviour 
characteristic domain of the Aged Care Funding Instrument (AIHW, 2012a); which is a tool 
used to assess the status of people living in nursing homes. Residents with dementia had scores 
almost three times higher in the behaviour characteristic domain than other residents (AIHW, 
2012a). Therefore, to improve the quality of care delivered and the quality of life of residents, it 
is essential to control environmental factors which may be the cause of unwanted behaviours 
(van Hoof et al., 2008). Agitation not only affects the person manifesting the behaviours but it 
has also been found to be disruptive to other buildings occupants (Ritchie and Lovestone, 2002). 
Results of the present study showed that the heating and cooling systems in the case study 
facility were not able to fully control indoor air temperature throughout the facility, and 
temperatures as low as 16.2°C and as high as 33.6°C were recorded during the study period. In 
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nursing homes generally, both cold and hot indoor temperatures should be avoided because 
older adults have lower ability to discriminate between temperature differences and to perceive 
peripheral temperature changes than the young (Collins, Exton-Smith and Doré, 1981). 
Moreover, both cold and hot indoor temperatures negatively impact health and wellbeing of 
residents, potentially leading to hypothermia, hyperthermia, and an increasing the risk of illness 
and death (WHO and UNEP, 1990; Worfolk, 2000; Anderson et al., 2013; Black et al., 2013; 
Loughnan, Carroll and Tapper, 2014; Aminoff, 2016; van Hoof et al., 2017).  
The CMAI Total Frequency scores significantly increased when residents were exposed to 
either relatively cold or warm indoor temperatures. The best-fit to the model results was 
obtained using a quadratic function with a global minimum at 22.6°C. The estimated CMAI 
Total Frequency score was 6.0 points above the minimum when the average indoor temperature 
was 20.0°C and 5.3 points higher when the average indoor temperature was 25.0°C. These 
results may be compared with the effects of medication used for the treatment of behavioural 
symptoms in dementia. For example, a study conducted on agitated nursing home residents with 
dementia showed that across three randomized controlled trials, risperidone significantly 
decreased the average CMAI score of the treatment group versus the control group: weighted 
mean difference = -3.00 points, 95% CI [-4.22 to -1.78], p < .00001 (Schneider, Dagerman and 
Insel, 2006). At the time of the study risperidone was among the most frequently prescribed 
antipsychotic drugs in Sydney for treatment of behavioural symptoms in people with dementia 
(Snowdon, Galanos and Vaswani, 2011). Enhancing the thermal comfort conditions for 
residents may, therefore, have a comparable or greater effect than risperidone in decreasing 
agitation. Thus, the provision of good ‘thermal care’ (Walker, Brown and Neven, 2015) could 
be classified as an effective non-pharmacological approach to the reduction of behavioural 
symptoms. Physically aggressive and non-aggressive behaviours were also significantly 
correlated with exposure to cold or warm indoor average air temperatures. Physically aggressive 
behaviours were found to increase when average temperatures deviated from 22.5°C; while, 
physically non-aggressive behaviours increased when temperatures deviated from 22.7°C. 
Physical aggressive behaviours are the most disruptive symptoms of agitation (Cohen-
Mansfield, 2008). 
In the present study, CMAI Total Frequency scores as well as physically aggressive and non-
aggressive behavioural syndromes were also significantly correlated with the amount of hours 
that residents were exposed to temperatures higher than 26°C and lower than 20°C. Results of 
this study also showed that disruptiveness significantly decreased when the average indoor air 
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temperature was approximately 22.5°C and when residents were not exposed to temperatures 
lower than 20°C and higher than 26°C.  
Exposure of residents to temperatures outside the comfort temperature range not only has an 
impact on the manifestation and disruptiveness of agitated behaviours, but it also potentially 
affects their health. People with dementia are often more vulnerable to heat stress because of 
dysfunctional thermoregulatory mechanisms, chronic dehydration and the use of medications 
(Worfolk, 2000; Walker, Brown and Neven, 2015). The World Health Organization suggests 
that a minimum air temperature of at least 20°C be maintained in indoor environments for 
people with special requirements, to avoid the possibility of their body temperature decreasing, 
potentially leading to hypothermia (WHO and UNEP, 1990). Therefore, the heating and cooling 
systems in nursing homes should be designed to accurately control temperature within the 
appropriate comfort temperature range and implies that caregivers should be trained to provide 
thermal care. Caregivers should not only be responsible for controlling the temperature in the 
building, but should also help residents, who may not have the ability to do so, to perform 
behavioural thermal adjustments (e.g. consuming hot or cold drinks, adjusting clothing 
insulation throughout the day, opening and closing windows, turning ceiling fans on and off). 
Moreover, when hot and cold temperatures occur at the facility it is likely that caregivers would 
have to deal with an increasing level of agitation in residents while themselves working in a 
potentially uncomfortable environment, which would be likely to negatively impact their 
productivity (van Hoof, 2008).  
6.3.1 Limitations 
Firstly, perception of thermal comfort is influenced by six main factors: metabolic rate, clothing 
insulation, air temperature, radiant temperature, air speed, and relative humidity (ANSI and 
ASHRAE, 2013a). However, only the influence of air temperature was studied in the present 
work. Future research is needed to investigate the impacts that other thermal comfort factors 
have on behavioural and psychological symptoms of dementia. Secondly, the number of 
participants involved in the research was limited and they were all living in the same nursing 
home. It is hoped that future work might involve a larger sample of participants from nursing 
homes of different types, in a range of different climatic conditions, so as to provide more 
statistically robust and widely applicable conclusions. 
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6.4 Chapter Summary 
This chapter has concluded that exposure of residents with dementia to both hot and cold indoor 
air temperatures negatively affected their agitated behaviours, and that the provision of good 
thermal care could be classified as an effective non-pharmacological approach to the reduction 
of behavioural symptoms in people with dementia living in nursing homes. However, more 
research it is needed to determine the thermal comfort requirements of occupants in nursing 
homes. Thus, a field study was conducted in five aged care facilities in order to determine 
perceptions, preferences, expectations and thermally adaptive behaviours of occupants, results 
are presented and discussed in the following chapter. 
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7 Perceptions of Thermal Comfort and Indoor Environmental 
Quality in the Case Study Nursing Homes 
Over recent decades, several studies have attempted to determine how people aged 65 years and 
over perceive their thermal environments, however, these studies have provided conflicting 
evidence. Fanger observed in one of his studies that there was no significant difference in 
preferred temperature between healthy adults aged around 65 years and college-age students 
(Fanger, 1970) and subsequent studies provided quantitative evidence to support his findings. 
However, others found that age affects people’s perceptions of the thermal environment (Wong 
et al., 2009; Hwang and Chen, 2010). However, uncertainty still remains regarding how elderly 
people perceive their thermal environment, moreover, only a limited number of studies have 
investigated the thermal comfort perceptions of people aged 85 years and over, and few of them 
have been conducted in nursing homes. Therefore, uncertainty remains regarding how this 
cohort of people perceives their environment and little by way of guidelines and 
recommendations are available for the aged care sector in respect of providing a thermally 
comfortable indoor environment. 
This study aimed to answer the following research question: ‘How does the perception of 
thermal comfort and IEQ differ between the residents of aged care facilities and the staff and 
visitors who occupy the same indoor spaces?’  
7.1 Research Method 
Perception of the indoor environment is primarily influenced by environmental and personal 
parameters, i.e. thermal preferences and behaviours that occupants employ to modify and adapt 
to the environment around them (ASHRAE, 2009; Hwang and Chen, 2010). Therefore, in order 
to determine perceptions, preferences and thermally adaptive behaviours of occupants in nursing 
homes, the following parameters were assessed in the present study:  
 environmental parameters (i.e. air temperature, relative humidity, air velocity, globe 
temperature, illuminance, sound pressure levels and CO2); 
 physical characteristics of the participants (e.g. age, height, weight, sex); 
 personal/operational parameters (i.e. level of clothing insulation and metabolic rate at a 
given time); 
 perceptions and preferences (e.g. thermal sensation and thermal preference).  
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Indoor environmental parameters were measured and logged using a purpose-built and non-
intrusive IEQ monitoring Cart, while occupants were asked to complete a questionnaire 
comprising questions about their perceptions and preferences of the indoor environment. 
Chapter 5 contains a detailed description of the mobile equipment used in this study. The study 
was approved by the University of Wollongong Human Research Ethics Committee.  
7.1.1 Sample and Case Study Facilities 
The target population for this study was all occupants of nursing homes. All building occupants 
(staff members, volunteers, residents and visitors) were included in the study and asked to 
complete the questionnaire since a well-designed nursing home should provide comfortable 
thermal conditions for all occupants. Prior to interviewing the residents, the registered nurses 
who were directly responsible for providing care to the residents were interviewed to identify 
which participants had sufficient cognitive abilities to complete the questionnaire. 
The field study was conducted in five facilities located in Bundanoon, Warilla, Albion Park 
Rail, Mount Warrigal and Coniston. A detailed description of the nursing homes is provided in 
section 4.3.  
7.1.2 Data Collection 
Data was collected over two separate periods of time. Data for the warm season was collected 
between November 2015 and February 2016; while data for the cold season was collected 
between March 2016 and July 2016. Participants completed a paper-based version of the 
questionnaire printed on a single page, front and back. Questions and multiple-choice answers 
were read out loud to participants that were not able to complete the questionnaire due to 
physical impairments (e.g. vision impairment). All surveys were conducted indoors between 
9.00 and 17.00. Occupants were invited to participate in the research; those who agreed to 
participate were then briefly informed about how the research would be conducted. Only after 
verbal consent was obtained the logging equipment was then placed in the room. Participants 
were then asked to resume their previous activity, and after a further 12 minutes were asked to 
complete the questionnaire; the delay of nominally 12 minutes was chose to ensure that all 
sensors reached thermal stability with the indoor environment. Participants completed the 
questionnaire while performing normal day-to-day activities and they were neither asked to 
modify the indoor environment (e.g. turn on/off fans or air conditioning units, opening/closing 
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windows or doors) nor to modify their clothing insulation or their activity. Each participant 
completed the questionnaire only once per season.  
The questionnaire used comprised two main sections:  
iv. personal information about the participants (e.g. age, height, weight); 
v. perceptions and preferences (e.g. thermal sensation, thermal preference).  
Accurate information about the weight of residents was available since they were weighed 
weekly to monitor their health status. Perceptions of the thermal environment were assessed 
using the five questions provided in the Annex A of ISO 10551 standard (ISO, 1995). Seven 
additional questions were used to assess perceptions of the: air flow, ventilation, humidity level, 
sources of discomfort, light quality and acoustic quality. The questions asked and the scales 
used are explained in detail in relevant sections below, where the survey results are analysed. A 
copy of the questionnaire used in this study is provided in Appendix H. The questions are 
detailed in relevant sections of the Results (Section 7.2.). Clothing insulation and activity levels 
were assessed by observing the participant, and activity level was selected using the tables 
provided in ISO 7730 (ISO, 2005b) and ASHRAE 55-2013 (ANSI and ASHRAE, 2013a) 
standards. A copy of the tables used to determine total clothing insulation and metabolic rates of 
participants are provided in Appendix K. 
Assessment of Indoor Environmental Parameters 
Spot measurements were all conducted within a one-metre radius of the location of the 
participant using the IEQ Cart, and during each spot measurement the following environmental 
parameters were measured and recorded: indoor air temperature Ta (°C), globe temperature Tg 
(°C), air velocity Va (m/s), relative humidity RH (%), illuminance on a horizontal plane (lx), 
CO2 concentration (ppm) and the A-weighted sound pressure (dB). Chapter 5 contains a detailed 
description of the IEQ Cart used in this study. The average indoor air temperature ( a), average 
globe temperature g) and average air velocity ( a) for each resident were calculated based on 
the body position of occupants:  
 for seated occupants a and a were calculated by averaging the readings at 0.1, 0.6 and 
1.1 m and g was measured at 0.6 m; 
 for standing occupants a and a were calculated averaging the readings at 0.1, 1.1 and 
1.7 m and g was measured at 1.1 m; 
 for reclining occupants a, a and g was measured at 0.6 m. 
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All sensors were calibrated prior to data collection according to manufacturers’ instructions. 
7.1.3 Data Analysis 
The following indices were also calculated for each participant: Body Mass Index (BMI), total 
clothing insulation (Iclo), operative temperature (To), mean radiant temperature (Tmrt), metabolic 
rate (M), Predicted Mean Vote (PMV) and Predicted Percentage of Dissatisfied (PPD). Data 
analysis was carried out using the IBM SPSS Statistics (V21, IBM Corporation, Armonk, NY) 
software. 
Body Mass Index 
The BMI, which is expressed in kg/m2, was calculated using the following equation: BMI = 
weight/height2. Table 7-1 shows the classification used in this study to categorize people based 
on their BMI. For people aged less than 65 years old the classification proposed by the World 
Health Organization (WHO) was used; while, the classification proposed by the Queensland 
Government was used for people aged 65 years and over. The BMI definition proposed by the 
Queensland Government was used since there is emerging evidence that the WHO cut-offs for 
BMI may not be appropriate for people age 65 years and over (Queensland Government, 2014). 
Table 7-1 BMI range (WHO, 2010; Queensland 
Government, 2014). 
Classification 
BMI range 
Age < 65 Age >65 
Underweight < 18.5 < 23 
Normal range 18.5 – 24.9 24 – 30 
Overweight 25.0 – 29.9 > 30 
Obese > 30 - 
Total Clothing Insulation 
Total clothing insulation (Iclo) was determined by adding the insulation of each individual 
garment that each participant was wearing. Clothing insulation of individual garments was 
determined using the tables provided in ISO 7730 (ISO, 2005b) and ASHRAE 55-2013 (ANSI 
and ASHRAE, 2013a) standards. However, these standards cannot be used to determine the 
total clothing insulation of people who are in bed. The total clothing insulation of residents in 
bed was determined by coupling the data collected (i.e. body position, sleepwear, and bedding) 
with the most similar combination of beds, beddings and sleepwear provided in the paper 
published by Lin and Deng (Lin and Deng, 2008). 
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Operative Temperature, Mean Radiant Temperature and PMV 
Mean radiant temperature was calculated for each participant using the following equations 
provided in Annex B and Annex G of ISO 7726 standard (ISO, 1998).  
4 	  
Where hcg is the coefficient of heat transfer by convection at the level of the globe sensor; σ is 
the Stefan-Boltzmann constant; and εg is the emissivity of the globe sensor. The heat transfer 
coefficient can be estimated using the following equation: 
max	 1.4 ∗
∆
/
6.3
.
.  
Where D is the diameter of the globe sensor. 
The operative temperature was calculated using the following equation: 
	 1  
Where the value of A varies as a function of the air velocity: A = 0.5 for Va<0.2 m/s; A = 0.6 for 
0.2<Va< 0.6 m/s; A = 0.7 for 0.6< Va<1.0 m/s. 
The Predicted Mean Vote (PMV) was evaluated using the computer program provided in 
Appendix B of ASHRAE 55-2013 standard (ANSI and ASHRAE, 2013a). Appendix J of the 
present thesis contains a copy of the computer code used for calculation of PMV. 
7.2 Results 
A total of 509 participants completed the questionnaire (343 residents and 166 non-residents). 
Table 7-2 summarizes the characteristics of the study sample. The majority of the participants 
were females (67%) and 31% of the participants were aged 85 years or over. The mean 
estimated metabolic rate was lower for residents that for non-residents, and, on average, 
residents wore more clothes than their counterparts.  
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Table 7-2 Characteristics of the study sample 
 
7.2.1 Clothing Insulation and Personal Thermal Sensation of the Participants  
A symmetrical 7-point scale was used to assess the personal thermal state of participants 
(Question 1). Participants were asked to answer the following question: ‘1. How do you feel at 
this precise moment? I am …’ using the following scale: -3 ‘cold,’ -2 ‘cool,’ -1 ‘slightly cool,’ 0 
‘neutral,’ +1 ‘slightly warm,’ +2 ‘warm,’ +3 ‘hot’ (ISO, 1995). The scale used in Question 1 is 
also known as ASHRAE thermal sensation scale (ANSI and ASHRAE, 2013a).  
Clothing insulation varied substantially across both groups of participants, ranging from 0.23 
clo (summer dress with short sleeves and undergarments) up to 2.87 clo (in bed with blanket 
and wearing flannel winter clothes). Figure 7-1 shows the distribution of total clothing 
insulation grouped by personal thermal state votes, and Figure 7-2 presents the data collected 
from only those participants who were not in bed at the time of the interview. Arguably, this 
distinction should not be necessary since the way participants adjust their clothing should not be 
influenced by their body position. Residents in bed were excluded from Figure 7-2 since both 
ASHRAE 55-2013 and ISO 7730 thermal comfort standards are not applicable to people in bed 
and do not provide tables to estimate their total clothing insulation (ISO, 2005b; ANSI and 
ASHRAE, 2013a).  
Site Resident N F M <65
66-
75
76-
85
>85 Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Albion park No 25 20 5 13 2 3 1.2 0.3 0.49 0.15 23.2 1.5 23.8 1.3 56.2 6.5 0.11 0.03
Albion park Yes 66 51 15 2 5 26 28 1.0 0.1 0.85 0.57 23.5 1.4 23.8 1.2 57.5 5.9 0.14 0.11
Bundanoon No 16 12 4 7 4 3 1.2 0.3 0.53 0.11 21.9 0.9 22.3 0.8 52.0 2.9 0.09 0.03
Bundanoon Yes 33 18 15 2 3 9 16 1.0 0.3 0.94 0.51 21.9 0.7 22.2 0.7 50.5 3.1 0.08 0.05
Coniston No 12 9 3 7 2 2 1.3 0.4 0.47 0.09 27.2 2.1 27.6 1.7 42.8 5.3 0.23 0.17
Coniston Yes 14 4 10 2 5 1 3 0.9 0.1 0.63 0.60 28.0 2.5 28.1 1.8 43.7 9.2 0.26 0.14
Mt Warrigal No 5 3 2 2 1 1.3 0.4 0.40 0.09 26.1 2.8 26.7 2.3 59.6 5.0 0.19 0.18
Mt Warrigal Yes 23 12 11 4 8 11 0.9 0.1 0.72 0.35 26.9 2.3 27.2 2.1 56.7 5.7 0.21 0.13
Warilla No 37 31 6 24 5 4 2 1.2 0.4 0.47 0.11 26.1 2.2 26.4 2.0 51.8 11.2 0.31 0.19
Warilla Yes 20 11 9 1 1 9 8 1.0 0.1 0.59 0.33 25.8 1.6 26.2 1.4 50.4 10.6 0.30 0.22
Albion park No 24 18 6 17 4 2 1 1.1 0.3 0.76 0.19 21.3 1.2 21.6 1.1 52.3 7.8 0.08 0.03
Albion park Yes 76 51 25 5 24 45 0.9 0.2 1.33 0.66 21.5 1.0 21.9 0.8 51.2 8.1 0.08 0.04
Bundanoon No 20 16 4 17 2 1.2 0.4 0.71 0.18 20.5 1.6 21.1 1.1 29.6 2.3 0.09 0.04
Bundanoon Yes 30 18 12 1 3 6 17 1.0 0.1 1.04 0.33 21.5 1.1 21.8 0.8 29.8 3.0 0.08 0.03
Coniston No 14 11 3 10 1 1 1.1 0.4 0.84 0.24 21.6 0.6 21.8 0.7 44.1 1.6 0.07 0.02
Coniston Yes 13 6 7 2 4 0.9 0.1 1.35 0.61 20.8 1.4 20.9 1.2 45.4 3.6 0.07 0.03
Mt Warrigal No 5 4 1 3 2 1.4 0.4 0.94 0.13 19.2 1.5 19.6 1.3 47.4 7.1 0.06 0.01
Mt Warrigal Yes 23 14 9 7 10 6 0.9 0.2 1.20 0.67 20.4 1.8 20.8 1.6 44.2 6.9 0.06 0.01
Warilla No 29 22 7 23 1 1 3 1.2 0.3 0.71 0.19 20.8 1.2 21.2 1.1 36.8 3.2 0.09 0.05
Warilla Yes 24 12 12 9 13 0.9 0.1 1.19 0.57 21.1 0.5 21.4 0.5 37.2 3.0 0.08 0.04
509 343 166 131 57 120 157 1.1 0.3 0.88 0.54 22.8 2.6 23.1 2.5 48.0 10.7 0.13 0.12
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In both winter and summer, total clothing insulation (Iclo) varied considerably, especially among 
those participants who reported to feeling ‘neutral’; suggesting that active adjustment of 
clothing was an effective thermal adaptive behaviour that occupants employed to compensate 
for various thermal comfort conditions. On average residents wore more clothes than their 
counterparts to achieve thermal neutrality with the environment. Staff members were also able 
to actively modify their clothing since they were not required to follow a strict dress code by 
their employer. As a result, in Question 10 of the questionnaire only six participants identified 
clothing as one of the main sources of discomfort.  
 
Figure 7-1 Total clothing insulation of participants grouped by personal thermal state vote. 
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Figure 7-2 Total clothing insulation of participants who were not in bed, grouped by personal 
thermal state vote. 
Figure 7-3 shows the total clothing insulation of each participant plotted against the indoor 
operative temperature, and the best-fit linear regression equations. Participants were grouped in 
three main groups: non-residents; residents not in bed; and residents in bed.  
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Figure 7-3 Total clothing insulation plotted versus operative temperature with linear regression 
lines of best-fit results. 
A linear regression analysis was used to determine the correlation between total clothing 
insulation and indoor operative temperature. The three linear regression equations obtained 
were, as follows: 
 non-residents   Iclo = 1.46 – 0.0364To (R2 = 0.22);  
 residents (not in bed)  Iclo = 2.20 – 0.0623To (R2 = 0.35);  
 residents (in bed)  Iclo = 4.13 – 0.0934To (R2 = 0.23).  
The linear regression model showed that residents (line gradient = -0.0623 clo/°C) needed to 
wear more clothes than non-residents (line gradient = -0.0364 clo/°C) to compensate for a unit 
decrease in operative temperature, To. Looking at this from the other perspective (i.e. the 
temperature compensation that a given increase in clothing insulation provided) non-residents 
had to increase their clothing insulation by 0.1 clo to compensate for a drop in temperature of 
2.7°C; while, residents (not in bed) had to increase their clothing by 0.1 clo for a decrease in 
temperature of only 1.6°C. 
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Operative temperature explained less than 35% of the total variance in the three models. 
Therefore, a stepwise linear regression was used to determine the correlation between age, BMI, 
metabolic rate, gender and operative temperature and Iclo. 
Non-residents 
A total of 74 participants were excluded from the analysis since they did not reveal their body 
weight, height or age. Table 7-3 shows the results of the linear regression analysis. Total 
clothing insulation (Iclo) was negatively correlated with an increase in metabolic rate, BMI and 
operative temperature, while it was positively correlated with the age of participants.  
Table 7-3 Regression coefficients estimated by the linear regression analysis used to determine 
the correlation between total clothing insulation of non-residents and operative temperature, 
metabolic rate, BMI and age. Sample: 113 non-residents.  
  95% Confidence Interval 
Parameter/No. of participants Estimate Std. Error t Sig. 
Lower 
Bound 
Upper 
Bound 
Intercept 1.89 0.17 11.22 0.00 1.56 2.23 
Operative temperature (°C) -0.047 0.007 -7.059 0.00 -0.060 -0.034 
Metabolic rate (met) -0.140 0.055 -2.564 0.01 -0.249 -0.032 
BMI – Obese (20 participants) -0.093 0.048 -1.952 0.05 -0.188 0.001 
BMI – Overweight (32 participants) -0.074 0.039 -1.888 0.06 -0.152 0.004 
BMI – Normal (61 participants) 0.00a 0.00 . . . . 
Age ≥ 65 (32 participants) 0.084 0.041 2.054 0.04 0.003 0.165 
Age < 65 (81 participants) 0.00a 0.00 . . . . 
Dependent Variable: Total clothing insulation (clo) 
a This parameter was set to zero because it was redundant. 
Sig. = Significance probability also called p-value; t = test statistic for Student’s t-test 
Residents  
A total of 47 residents were excluded from the analysis because of data missing at the time of 
the interview. Table 7-4 presents the results of the statistical analysis. The total clothing 
insulation of residents was negatively correlated with an increase in operative temperature. 
Residents who were in bed wore significantly more clothes (1.2 clo) than those who were 
sitting, and residents aged 85 years old and over wore more clothes than residents aged less than 
75 years old. 
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Table 7-4 Regression coefficients estimated by the linear regression analysis used to determine 
the correlation between total clothing insulation of residents (not in bed) and operative 
temperature, and age. Sample: 296 residents. 
  95% Confidence Interval 
Parameter//No. of participants Estimate 
Std. 
Error 
t Sig. Lower Bound Upper Bound 
Intercept 2.200 0.1536 14.316 0.000 1.897 2.502 
Operative temperature (°C) -0.065 0.0062 -10.477 0.000 -0.077 -0.053 
Age > 85 (163 participants) 0.123 0.0444 2.772 0.006 0.036 0.211 
76 < Age ≤ 85 (109 participants) -0.010 0.0462 -0.211 0.833 -0.101 0.081 
Age ≤ 75 (45 participants) 0a 0.0000         
Reclining (78 participants) 1.233 0.0360 34.259 0.000 1.163 1.304 
Standing (19 participants) 0.012 0.0601 0.202 0.840 -0.106 0.130 
Sitting (220 participants) 0a 0.0000         
Dependent Variable: Total clothing insulation (clo) 
a This parameter is set to zero because it is redundant. 
7.2.2 Air Velocity 
Clothing adjustment was not the only behavioural adjustment employed by participants to adapt 
tor microclimatic conditions. Figure 7-4 and Figure 7-5 show how indoor air velocity increased 
with increasing indoor air operative temperature, which was likely due to changes in occupant 
control of their local environment (opening windows or switching on ceiling fans, for example). 
The figures also display the acceptable ranges of operative temperature as a function of average 
air velocity for Iclo = 0.5 clo (summer clothing) and Iclo = 1.0 clo (winter clothing) as defined by 
ASHRAE 55-2013 standard (ANSI and ASHRAE, 2013a). Comfort ranges refer to a humidity 
ratio of 0.010 kgwater/kgdry air and 1.1 met. During the warm season the average air speed was 
positively correlated (p < .01) with an increase in the operative temperature. Suggesting that, 
both residents and non-residents effectively used ceiling fans to compensate for warm indoor air 
temperatures. Contrarily, ceiling fans were not used during the cold season or when 
temperatures lower than 23°C were recorded indoors during the warm season.   
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Figure 7-4 Average local air velocity plotted against indoor operative temperature (adjacent to 
residents). The figure also shows the ‘acceptable ranges’ of operative temperature and average 
air velocities as defined by ASHRAE 55-2013 for 1.0 and 0.5 clo. The lightly shaded region 
indicates acceptable conditions in rooms where occupants do not have control over the local air 
velocity, the darker region is where occupants do have this control and the hatched region 
shows the still air comfort zone. 
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Figure 7-5 Average air velocity plotted against the indoor operative temperature, non-residents 
data only. The figure also shows the acceptable ranges of operative temperature and average 
air velocities as defined by ASHRAE 55-2013 standard for 1.0 and 0.5 clo. 
Figure 7-4 and Figure 7-5 also show that during the cold season, the great majority of 
experimental points fell within the winter comfort range (1.0 clo) and indoor operative 
temperatures rarely exceeded 23°C. While, during the warm season, participants were exposed 
to temperatures on the cold side of ASHRAE 55-2013 summer thermal comfort zone since air 
conditioning units had relatively low set-point temperatures (ranging approximately between 
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21°C and 23°C) as previously described in Section 4.3.1. Thus, in light of the results presented 
in Section 7.2.1, participants had to wear extra layer of clothes to compensate for the cold 
temperatures caused by a less than optimal control/operation of the HVAC systems. 
Figure 7-6 shows the distribution of personal thermal state votes reported as percentages for 
both participant groups. During the warm season 53% of residents and 40% of non-residents 
were exposed to operative temperatures colder than those recommended by ASHRAE 55-2013 
for summer clothing (however, less than 4% of both residents and non-residents voted ≤ - 1 
(slightly cool) in Question 1). On the other hand, 57% of non-residents perceived the 
environment to be warmer than neutral (voted ≥ 1 in question 1) despite the fact that only 13% 
of the data fell  in the region on the warmer side of ASHRAE 55-2013 summer clothing thermal 
comfort zone. Non-residents wore light clothes during the warm season (Figure 7-2) and their 
mean metabolic rate was 1.23 met (SD = 0.34 met), which suggests that many of them preferred 
colder temperatures than those indicated by ASHRAE 55-2013 standard. Residents also were 
generally not uncomfortable when exposed to relatively cold temperatures during the warm 
season since 78% of them (metabolic rate mean = 0.97; SD = 0.14) reported feeling ‘normal.’ 
Nonetheless, many of them had to employ adaptive strategies (i.e. wearing winter clothes in 
summer) to be comfortable with the indoor microclimate.  
 
Figure 7-6 Distribution of personal thermal state votes reported as percentage of votes for non-
residents and residents. 
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7.2.3 Neutral Temperature 
A ‘neutral temperature’ is the temperature which minimises the physiological temperature 
regulatory effort of person (Gagge, Stolwijk and Hardy, 1967). In other words, it is the 
temperature at which participants report feeling ‘neutral’ with respect to their thermal 
environment. Figure 7-7 and Figure 7-8 show the personal thermal state votes plotted against 
the indoor operative temperature, which was ‘binned’ (clustered) at 1°C intervals in the present 
study. The radius of the bubble is directly proportional to the number of data points in each 
temperature ‘bin’. Participants from both groups considered the indoor environment to be 
comfortable over a wide range of temperature, i.e. between 17°C and 30°C. However, residents 
were found to be more tolerant than non-residents since, excluding one outlier, they reported 
that the environment was ‘warm’ or ‘hot’ only when temperatures exceeded 26.5°C. Instead, 
non-residents reported feeling ‘warm’ or ‘hot’ when the indoor temperature exceeded 22.5°C.  
    
Figure 7-7. Personal thermal state votes of residents plotted against binned indoor operative 
temperature data. Indoor operative temperature was binned at 1°C intervals. 
    
Figure 7-8. Personal thermal state votes of non-residents plotted against binned indoor 
operative temperature data. Indoor operative temperature was binned at 1°C intervals. 
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The correlation between personal thermal state votes and the neutral temperature was 
determined using a linear regression model (Fanger, 1970; Hong et al., 2009; Hwang and Chen, 
2010; Indraganti and Rao, 2010). This approach was chosen to compare the results of the 
present study with previous studies in the available literature, a detailed comparison is presented 
in Section 7.3.2. However, since the dependent variable is ordinal an ordinal regression analysis 
was also used to analyse the data. Table 7-5 shows the regression coefficients and neutral 
temperatures estimated for both groups of occupants in both seasons, using a linear model. The 
neutral temperatures estimated, using the ordinal model, were as follows: residents – warm 
season: 22.7°C; non-residents – warm season: 21.7°C; non-residents – cold season: 21.0°C.  
Table 7-5 Regression coefficients and neutral temperatures estimated for both groups of 
occupants during the warm and cold season. 
Modela/No. of participants 
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. R2 
Neutral 
temperature
B Std. Error Beta 
Residents - warm season (156)  .253 22.9°C 
1 
Intercept -3.995 .597  -6.687 .000   
Operative temperature 
(°C) 
.174 .024 .503 7.225 .000   
Residents - cold season (166) .020 22.5 
2 
Intercept -1.668 .883  -1.888 .061   
Operative temperature 
(°C) 
.074 .041 .140 1.809 .072   
Non-residents - warm season 
(95) 
.388 22.0°C 
3 
Intercept -6.214 .932  -6.666 .000   
Operative temperature 
(°C) 
.283 .037 .623 7.684 .000   
Non-residents - cold season (92) .133 21.2°C 
4 
Intercept -5.073 1.370  -3.703 .000   
Operative temperature 
(°C) 
.239 .064 .365 3.716 .000   
a Dependent Variable: Personal thermal state votes 
  
 
In the linear model, the estimated neutral temperature was the zero of the linear function. Whilst 
the estimated neutral temperature, in the ordinal regression, was the operative temperature 
which maximised the likelihood of obtaining a personal thermal state vote = 0. 
Operative temperature was positively correlated to the personal thermal state vote for both 
groups during the warm season. However, a significant correlation between the variables was 
not found for residents in the cold season; possibly because only 10 residents out of a total of 
166 were exposed to temperatures lower than 20°C during the cold season.  
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7.2.4 Thermal Preference and Preferred Temperature 
A symmetrical 7-point scale was used to assess thermal preference of each participant (Question 
3). Participants were asked to answer the following question: ‘3. At this precise moment, would 
you prefer to be…?’ using one of the following scale: -3 ‘much cooler,’ -2 ‘cooler,’ -1 ‘slightly 
cooler,’ 0 ‘without change,’ +1 ‘slightly warmer,’ +2 ‘warmer,’ +3 ‘much warmer’ (ISO, 1995).  
Figure 7-9. Thermal preference votes of residents plotted against binned indoor operative 
temperature data. Indoor operative temperature was binned at 1°C intervals. 
Figure 7-10. Thermal preference votes of non-residents plotted against binned indoor operative 
temperature data. Indoor operative temperature was binned at 1°C intervals. 
Figure 7-9 and Figure 7-10 show thermal preference votes plotted against indoor operative 
temperature binned using a 1°C interval. Figure 7-9 shows that during the warm season a 
significant number of residents wanted the temperature to be ‘cooler’ only when the indoor 
operative temperature exceeded 26.5°C. Non-residents preferred colder temperature than their 
counterparts in both seasons. About 38% of non-residents that were exposed to temperatures 
higher than 23.5°C wanted conditions to be ‘cooler’, however, only 2% of them wanted the 
temperature to be ‘warmer’ during the cold season. 
The correlation between the thermal preference of participants and indoor operative 
temperatures was determined using both linear and ordinal regression models. The preferred 
144 
 
temperatures, estimated using an ordinal model, were as follows: residents – warm season: 
23.3°C; residents – cold season: 22.9°C; non-residents – warm season: 21.1°C; non-residents – 
cold season: 21.5°C. 
Table 7-6 Regression coefficients and preferred temperatures estimated for both groups of 
occupants during the warm and cold season. 
Modelsa 
Unstandardized 
Coefficients 
Standardized 
Coefficients t Sig. R2 
Preferred 
temperature
B Std. Error Beta 
Residents - warm season      .194 23.2°C 
1 
Intercept 3.180 .557  5.708 .000   
Operative temperature 
(°C) 
-.137 .022 -.441 -6.072 .000   
Residents - cold season      .04 23.0°C 
2 
Intercept 2.186 .783  2.791 .006   
Operative temperature 
(°C) 
-.095 .036 -.201 -2.625 .009   
Non-residents - warm season      .40 21.7°C 
3 
Intercept 5.695 .844  6.745 .000   
Operative temperature 
(°C) 
-.263 .033 -.633 -7.879 .000   
Non-residents - cold season      .12 21.5°C 
4 
Intercept 4.438 1.243  3.571 .001   
Operative temperature 
(°C) 
-.206 .058 -.350 -3.541 .001   
a Dependent Variable: Thermal preference votes 
  
Table 7-6 shows the regression coefficients and preferred temperatures estimated for both 
groups of occupants in both seasons.  
7.2.5 Development of a Thermal Comfort Zone 
Participants who voted -2 (cool), -3 (cold), +2 (warm) and +3 (hot) in the personal thermal state 
scale were considered to be thermally dissatisfied (Fanger, 1970; Hwang and Chen, 2010). 
Consequently, answers to Question 1 were recoded via a Thermal Satisfaction Index expressed 
on a 3-point scale, as follows:  
 -1, dissatisfied – cold, participants who voted -2 or -3 in the personal thermal state 
scale; 
 0, comfortable, participants who voted -1, 0 or +1 in the personal thermal state scale; 
 +1, dissatisfied – warm, participants who voted +2 or +3 in the personal thermal state 
scale. 
An ordinal logistic regression model was used to determine the correlation between the 
satisfaction index and the operative temperature, because such a model can handle outcomes 
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variables that have more than two ordered categories (Harrell, 2015). Table 7-7 shows the 
regression coefficients estimated by the statistical analysis. 
Table 7-7 Regression coefficients estimated using an ordinal logistic regression model. 
Satisfaction index was entered as the dependent variable and operative temperature as the 
independent variable. Satisfaction index = +1 (Dissatisfied - warm) was selected as the 
reference category. 
Parameter Estimates – Residents (322 participants) 
 B Std. Error Wald df Sig.  
95% Confidence Interval for 
Lower Bound Upper Bound
Dissatisfied – Cold 11.43 2.501 20.87 1.00 0.00 6.87 6.53 16.329 
 Satisfied 20.96 3.184 43.34 1.00 0.00 15.16 14.72 27.202 
 Operative temperature (°C) 0.715 0.118 36.98 1.00 0.00 0.50 0.485 0.945 
 
Parameter Estimates – Non-residents (187 participants) 
Satisfaction Indexa B Std. Error Wald df Sig.  
95% Confidence Interval for 
Lower Bound Upper Bound
Dissatisfied – Cold 12.57 2.46 26.09 1 0.00 7.75 7.747 17.394 
 Satisfied 20.33 3.06 44.14 1 0.00 14.33 14.332 26.327 
 Operative temperature (°C) 0.75 0.12 41.12 1 0.00 0.52 .519 .976 
a The reference category is: +1 ‘Dissatisfied – Warm’ 
Link function: Logit 
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Figure 7-11 shows the predicted probabilities estimated by the ordinal logistic regression model 
for residents and non-residents. The Predicted Percentage of Dissatisfied (PPD) for each group 
of participants was determined by adding the Dissatisfied-Cold and Dissatisfied-Warm 
probabilities. 
 
Figure 7-11 Predicted probabilities as a function of the indoor operative temperature for 
residents and non-residents. 
Figure 7-12 shows the PPD curves for residents and non-residents, together with the 95% 
confidence intervals, and horizontal lines indicating the range below which 80% and 90% of the 
participants were estimated to be satisfied with the indoor operative temperature.  
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Figure 7-12 Estimated predicted percentage of dissatisfied (PPD) values for residents and non-
residents as a function of operative indoor air temperature (°C). Estimated regression curves 
were plotted using the regression coefficients estimated by the ordinal logistic regression model 
reported in Table 7-7. 
The minimum Predicted Percentages of Dissatisfied (PPD) for residents was 2.0% (operative 
temperature = 22.6°C) and for non-residents was 4% (operative temperature = 22.0°C). These 
results are consistent with those previously obtained when the neutral and preferred 
temperatures were calculated for both groups. Thermal comfort zones were determined by 
calculating the temperatures corresponding to an estimated percentage of dissatisfied equal to 
10% and 20%. These temperatures represent the range in which more than 90% and 80% of 
participants from both groups found the thermal conditions satisfactory, respectively (Hwang et 
al., 2007; Hwang and Chen, 2010; ANSI and ASHRAE, 2013a). Table 7-8 shows the thermal 
comfort zones calculated for residents and non-residents for PPD = 20% and PPD = 10%.  
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Table 7-8 Thermal comfort zone for residents and non-residents 
calculated for PPD = 20% and PPD = 10%. 
PPD Acceptability limit Participant group Thermal comfort zone 
20% 80% 
Residents 17.9 – 27.4°C 
Non-residents 18.7 – 25.3°C 
10% 90% 
Residents 19.1 – 26.2°C 
Non-residents 19.8 – 24.2°C 
 
7.2.6 Predicted Mean Vote (PMV) versus Personal Thermal State 
The Predicted Mean Vote (PMV) model developed by Fanger estimates the whole body thermal 
state to healthy men and women in indoor environments (Fanger, 1970). The personal thermal 
state data for each participant in the present study was compared to the PMV index to determine 
whether the PMV model can be used to estimate the thermal state for the whole body of 
residents living in nursing homes. In the present study, all the environmental parameters 
required to estimate the PMV were measured while metabolic rate and clothing insulation were 
estimated, as previously described in Section 7.1.2. Since PMV model is not applicable to 
people who are reclining in bed, the answers from such participants were excluded from the 
analysis. Correlation between the personal thermal state vote and the PMV was determined 
using a linear regression model (Yang, Nam and Sohn, 2016). Table 7-9 presents the regression 
coefficients estimated by the linear regression analysis.  
Table 7-9 Regression coefficients estimated from the linear model. The personal thermal state 
was entered as the dependent variable and correlated to PMV as the independent variable, 
which was estimated from the indoor environmental parameters measured at the location of 
each participant, their clothing, activity, etc. 
Modela 
Unstandardized Coefficients
Standardized 
Coefficients t Sig. R2 
B Std. Error Beta 
Residents (254 participants)b      .116 
1 
Intercept .369 .058  6.308 .000  
PMV .338 .059 .341 5.751 .000  
Non-residents (187 participants)      .303 
2 
Intercept .763 .072  10.637 .000  
PMV .613 .068 .550 8.966 .000  
a Dependent Variable: Personal thermal state 
b Residents who were reclining were excluded from the model 
 
A total of 276 participants were included in the analysis, and the PMV of those participants who 
voted ‘neutral’ in Question 1 were grouped by age group (Wong et al., 2009). Participants who 
did not disclose their age or were reclining at the time of the interview were excluded from the 
analysis. Figure 7-13 shows the estimated PMV of the participants. 
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Figure 7-13 PMV of the participants who reported to be ‘neutral’ in Question 1. The red dot 
represents the mean PMV for each age group. 
7.2.7 Relative Humidity 
A symmetrical 7-point scale was used to determine how participants perceived the humidity 
level (Question 9). Participants were asked to answer the following question: ‘9. At this 
moment, what do you feel about the humidity level?’ using one of the following scale: -3 
‘excessively dry,’ -2 ‘too dry,’ -1 ‘slightly dry,’ 0 ‘just right,’ +1 ‘slightly humid,’ +2 ‘too 
humid,’ +3 ‘excessively humid.’ 
Relative humidity data failed to significantly predict residents’ answers to Question 9. Data was 
used to examine relative humidity variations. To date, there are no specific guidelines for aged 
care facilities which define a recommended humidity range to be maintained indoors 
(Queensland Government, 1999; CHAA, 2006). Therefore, the Australasian Health Facility 
Guidelines for neonatal facilities intensive care were used as a reference and which specify that 
relative humidity should be maintained within a range of 30% to 60% (CHAA, 2006). Low 
relative humidity should be avoided since may cause discomfort for people with dry skin and 
respiratory tract problems. While, high relative high humidity are related with air quality issues, 
such as mould proliferation (Havenith, 2001). Figure 7-14 shows the data collected plotted on a 
psychrometric chart. During the cold season relative humidity ranged from 25 to 63%, mean 
43% (SD 10%); while during the warm season the relative humidity ranged from 26 to 69%, 
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mean 53% (SD 9%). Only 8% of participants reported that high or low humidity levels were 
among the main cause of thermal discomfort (Question 10 of the point-in-time questionnaire). 
 
 
Figure 7-14 Relative humidity data collected displayed on psychrometric charts. The figures 
also show the thermal comfort zones as defined by ASHRAE 55-2013 for summer clothing (red) 
and winter clothing (blue). 
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7.2.8 Acoustic Comfort  
A symmetrical 7-point scale was used to assess perception of occupants about the acoustic 
comfort (Question 12). Participants were asked to answer the following: ‘12. How do you rate 
the acoustic comfort at this precise moment?’ using one of the following scale: -3 ‘excessively 
quiet,’ -2 ‘too quiet,’ -1 ‘slightly quiet,’ 0 ‘just right,’ +1 ‘slightly noisy,’ +2 ‘too noisy,’ +3 
‘excessively noisy.’ 
Sound levels did not significantly predict participants’ answers to Question 12, nonetheless, 
experimental data was used to assess sound levels to which participants were exposed while 
inside the building. Table 7-10 presents the recommended design sound level ranges, for 
different types of occupancy and activities, as defined by AS/NZS 2107:2016, and the 
experimental data collected. Despite sound level ranges vary as a function of the type of indoor 
space sound pressure should not exceed 55 dB. 
Table 7-10 Recommended design sound levels for various areas in nursing homes (AS/NZS, 
2016). 
  
Experimental data 
(dB) 
Type of 
occupancy/activity 
Recommended design sound level LAeq 
(dB) range 
Mean 
(SD) 
Max Min 
Sleeping areas 35 to 40 57 (7) 75.0 33.0 
Cafeterias 45 to 50 64 (1) 66.0 63.0 
Common areas 45 to 50 65 (0) 65.0 65.0 
Corridors and sitting 
rooms 
45 to 50 62 (7) 77.0 48.0 
Dining rooms 40 to 45 64 (4) 76.0 50.0 
Kitchen < 55 67 (2) 69.0 65.0 
Laundries < 55 71 (2) 73.0 69.0 
Nurses stations 40 to 45 60 (2) 63.0 56.0 
Offices 35 to 45 58 (5) 69.0 49.0 
Receptions 40 to 50 59 (2) 64.0 57.0 
 
Figure 7-15 shows the sound level data collected during the study. The nursing homes studied 
were noisy environments. In the bedrooms, for example, sound levels ranged from 33 dB to 75 
dB, and the mean value (56.9 dB, SD 7 dB) was higher than the maximum value recommended 
by AS/NZS 2107:2016. In all other room types, sound level mean values all exceeded 60 dB. 
However, despite the fact that all facilities were found to be noisy, only 23% of the non-
residents and 7% of the residents reported the environment to be ‘slightly noisy’ and none of the 
participants reported the environment to be ‘too noisy’ or ‘excessively noisy.’ High noise levels 
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were mostly generated by people talking to each other, loud televisions and equipment (e.g. 
staff tannoy/loudspeaker systems and portable oxygen concentrators). 
 
Figure 7-15 Sound levels (dB) measured during the field study. In the figure on the left data has 
been grouped by room type, while in the figure on the right data has been grouped by 
geographical location of the facilities. 
7.2.9 Indoor Air Quality 
A symmetrical 7-point scale was used to assess perception of indoor air quality (Question 8). 
Participants were asked to answer the following question: ‘8. How do you rate the ventilation of 
this environment at this precise moment?’ using one of the following scale: -3 ‘very stuffy,’ -2 
‘too stuffy,’ -1 ‘slightly stuffy,’ 0 ‘just right,’ +1 ‘slightly ventilated,’ +2 ‘adequately 
ventilated,’ +3 ‘very well ventilated.’ The average CO2 concentration was used as an indicator 
to assess building indoor air quality (EN, 2006).  
The CO2 measurements were not significantly correlated with occupants’ perception of indoor 
air quality. The CO2 data were used to evaluate indoor air quality at the facilities comparing the 
data collected with the Australian guidelines. The Australian Standard AS 1668.2 – 2012 (AS, 
2012) suggests that when CO2 is used as an indicator of indoor air quality, concentrations 
indoors should be maintained below 600 ppm - 800 ppm.  
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Figure 7-16 CO2 average concentration. Data has been grouped by location of the facility in the 
figure on the left and by room type in the figure on the right. The horizontal line suggests the 
upper threshold for the CO2 concentration as suggested by the Australian Standard 1668.2. 
Figure 7-16 presents the CO2 concentrations measured during the field study. No harmful CO2 
concentrations above 5000 ppm (United States Department of Labor, 2012) were recorded 
indoors, however, high concentrations were an indicator of high occupancy and/or lack of 
adequate ventilation. The mechanical ventilation system installed in the newer facilities would 
have provided fresh air effectively to occupants during both seasons, while higher CO2 
concentrations were generally recorded in those facilities which only relied on natural 
ventilation. High CO2 concentrations were also recorded in dining rooms which were generally 
very busy around meal times.  
7.2.10 Natural and Electric Lighting 
The horizontal plane illuminance data collected were used to determine whether the natural and 
electric lighting systems provided sufficient light for occupants to perform their day-to-day 
tasks (e.g. movement, reading, eating). Experimental data were compared with the Australian 
lighting guidelines (AS/NZS, 2006). The Australian standards require that in buildings a 
minimum of 20 lx shall be provided throughout spaces used by adults with no vision loss, for 
safe movement (AS/NZS, 2009). However, since age affects eyesight, lighting needs may 
increase by a factor of three between the ages of 20 and 60 years and these needs become even 
more demanding for people aged 80 or 90 (AS/NZS, 2009). Thus, De Lepeleire et al. (2007) 
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suggest that recommended illuminance values provided in the standards should be increased by 
55% to compensate for the needs of older people (De Lepeleire et al., 2007). This implies that a 
level of at least approximately 240 lx should be maintained in bedrooms, corridors and 
bathrooms to ensure that there is sufficient lighting for residents to perform simple visual tasks. 
Table 7-11 Recommended maintained illuminance levels for various types of tasks, activities 
and interiors (AS/NZS, 2006) 
Class of task 
Recommended 
maintained 
illuminance (lx) 
Characteristics of the 
activity/interior 
Room Type  
Movement and orientation 40 
Interiors rarely visited, with visual 
task limited to movement and 
orientation  
Corridors; storage 
Rough intermittent  80 
Intermittent use with visual task 
limited to movement, orientation 
and coarse details 
Change rooms, 
locker rooms and 
storage 
Normal 
range of 
tasks 
Simple 160 
Continuously occupied interior. 
Occasional reading for short 
period  
Canteens, entrance 
halls, waiting rooms 
Ordinary 240 
Easy visual task with high 
contrasts 
Food preparation, 
counters 
Moderately 
difficult 
320 – 400 
Moderate difficult tasks with 
moderate details or low contrast 
Offices (i.e. reading, 
writing) 
Difficult 600 Difficult task with small details 
Proofreading, 
drawing, painting 
 
Figure 7-17 Illuminance data plotted by room type. The recommended illuminance levels are 
shown via vertical lines particular activities, i.e. a simple task or occasional reading 160 lx, 
ordinary task 240 lx, reading or writing between 320 and 400 lx. 
Figure 7-17 shows the illuminance data collected during the field study. Despite the fact that 
data was collected during day times, i.e. between 9.00 and 17.00, in 10 locations the illuminance 
was lower than 20 lx, the minimum requirement for safe movement. A total of 26% of the 
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measurements conducted in bedrooms (66 measurements) and 20% of those conducted in 
corridors (6 measurements) were below 80 lx, which was the value recommended by the 
AS/NZS 2006 to be maintained in spaces which are used intermittently by occupants engaged in 
tasks limited to movement and orientation (e.g. change rooms, locker rooms or loading bays). 
Low illuminance levels were also measured in offices, kitchens and laundries.  
Older facilities were generally darker than newer ones. After excluding bedrooms from the 
analysis, where residents had to some extent direct control on the lighting (i.e. opening closing 
curtains, tuning on/off lights), 50% of the data collected at Coniston (2 corridors, 2 dining 
rooms and 12 other locations) and 30% of the data collected at Warilla (9 corridors, 2 dining 
rooms, 2 kitchen and laundries, 2 offices and 11 other locations) were below the recommended 
illuminance threshold of 160 lx, required to perform simple activities. 
7.3 Discussion 
7.3.1 Adaptive Behaviours 
Clothing adjustment was an effective adaptive behaviour that participants used to compensate 
for both cold and warm unsatisfactory conditions. Results presented in Section 7.2.1 showed 
that participants (residents and non-residents) effectively modified their ensembles of clothing 
to achieve a match between the local indoor microclimatic conditions and their thermal 
preferences. Total clothing insulation levels worn by those participants who reported feeling 
‘neutral’ in the personal thermal state scale, ranged from light summer clothes (Iclo < 0.5 clo) to 
heavy winter clothes (Iclo > 1.0 clo) in both seasons. Residents had to wear more clothes than 
their counterparts to compensate a given decrease in the operative temperature (Bresidents = -0.065 
clo/°C, Bnon-residents = -0.047 clo/°C) and results of the linear regression analysis (Table 7-3 and 
Table 7-4) showed that indoor operative temperature was not the only factor that influenced 
total clothing insulation of participants. Age, BMI, body position of residents and metabolic rate 
were also significant predictors of total clothing insulation; whilst gender was not a significant 
predictor.  
In particular, non-residents with a lower BMI (BMI – Normal) on average wore 0.093 clo more 
than those with a higher BMI (BMI – Obese). Younger participants wore fewer clothes than 
older ones. Residents aged 85 years and over wore approximately 0.12 clo more than those aged 
less than 75 years old. Non-residents aged 65 years and over wore 0.08 clo more than those who 
were aged less than 65 years old. Among the non-resident participants, metabolic rate also 
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influenced their total clothing insulation. Non-residents’ clothing insulation decreased as their 
activity level increased by 0.14 clo/met. 
Data analysis presented in Section 7.2.2 showed that during the warm season, electric ceiling 
fans were almost certainly widely used by participants to compensate for warm thermal comfort 
conditions as the average air velocity indoors was positively correlated with an increase in 
indoor operative temperature.  
Few thermal comfort studies have been previously conducted in nursing homes, resulting in 
limited evidence being available to which the present results could be compared. Thus, results 
of the present study were compared with findings obtained by Hwang and Cheng (2010) who 
investigated the thermal sensations of elderly people in Taiwan living in their homes. They also 
observed that, in summer, window-opening, clothing adjustment and use of ceiling fans were 
the most common strategies used by the participants for adaptation when thermally 
uncomfortable. While in winter 64% of the participants alleviated thermal discomfort by 
adjusting their clothing insulation (Hwang and Chen, 2010). Hwang and Cheng (2010) also 
investigated the correlation between total clothing insulation and operative temperature, 
however, they did not include other predictors in their analysis. They found that their data was 
correlated by a linear regression of Iclo against To for the elderly where: Iclo = 2.37 – 0.07To (R
2 = 
0.70); which is a comparable result to the one obtained in the present study: Iclo = 2.20 – 
0.0623To (operative temperature as only predictor, R
2 = 0.35). Hwang and Cheng also observed 
that elderly people and non-elderly generally wore the same clothing when To exceeded 30°C 
and that the elderly participants required an increase of 0.1 clo for a decrease of 1.4°C in the 
operative temperature (Hwang and Chen, 2010). In the present study, both groups wore the 
same levels of total clothing insulation at the point where To = 28.5°C, and residents had to 
increase their Iclo of 0.1 clo for a decrease in temperature of 1.6°C (where operative temperature 
was taken as the only predictor in the linear regression). 
The great majority of the residents in the present study reported that they felt thermally neutral 
during the warm and cold seasons, 78% and 82% respectively (Figure 7-6), despite indoor 
operative temperatures that ranged from 17.2° to 31.6°C (mean = 23.1°C, SD = 2.5°C). Similar 
results were previously obtained by Wong et al. (2009) who examined the thermal acceptance of 
384 older people living in 19 nursing homes in Hong Kong and by Yang et al. (2016) who 
studied thermal environmental conditions for elderly people living in 26 nursing homes in 
Korea. However, as Wong et al. observed, high percentages of acceptance are not always 
synonymous with good thermal comfort conditions (Wong et al., 2009). For example, in the 
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present study some residents reported that they had to wear extra clothes to compensate for low 
HVAC set-point temperatures in summer.  
It should also be noted that seven (out of a total of 509) participants reported that ceiling fans 
were among their main sources of thermal discomfort. The underlying cause of the problem was 
that participants generally did not have direct control of each individual fan in their room; the 
fans being all wired to a single switch for a given room. Overall, the results showed that the use 
of ceiling fans was, therefore, an effective way to enhance thermal comfort conditions in 
nursing homes, with the proviso that individual control of each fan must be provided, so that 
participants can adjust the fan speed, and hence local air velocity, according to their thermal 
preferences.  
7.3.2 Neutral Temperature and Preferred Temperature  
Results from the present study show that residents were tolerant of a wider range of indoor 
temperatures than non-residents, which might be somewhat counter-intuitive at first appraisal. 
Table 7-5 shows that the estimated neutral temperature for residents in summer was 22.9°C and 
22.0°C for non-residents (linear regression). Schellen et al. (2010) studied the difference 
between thermal comfort perceived by young adults and elderly participants, also found that the 
latter preferred warmer temperatures than the former (Schellen et al., 2010).  
In the present study non-residents were also more affected by temperature variations than their 
counterparts. During the warm season, the personal thermal state vote for non-residents 
increased by 1 unit for an increase of 3.5°C in the operative temperature. While, for residents an 
increase of one unit in the dependent variable occurred for an increase of 5.7°C in To.  
However, it should be noted that in reality the regression coefficients reflect the personal 
thermal state of participants after they had, in all likelihood, already employed adaptive 
strategies (e.g. adjusted their clothing and local air velocity). Hence, the difference observed 
may be partially explained by the fact that residents could employ more adaptive strategies than 
non-residents and they could modify their activity level and clothing based on the indoor air 
temperature.  
Hwang and Cheng (2010) also observed that in summer the neutral temperature for the elderly 
was 0.4°C higher than for the adult population, however, in their study, the neutral temperature 
for the elderly was 25.2°C, which is 2.3°C higher than the neutral temperature in this study. 
Hwang and Cheng (2010) also found that the elderly participants would increase their personal 
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thermal state vote in summer of by unit for every 2.6°C increase in the operative temperature. 
While, Wong et al. (2009) also estimated that the neutral temperature for residents who were 
living in Hong Kong nursing homes was 25.8°C. Table 7-12 compares the results obtained in 
the present study with the neutral temperatures estimated by Hwang and Cheng (2010) and 
Wong et al. (2009). 
Differences in the neutral temperatures estimated by Hwang and Cheng (2010) and by Wong et 
al. (2009), and the neutral temperatures estimated in this study may be partially explained by the 
fact that their studies were conducted in different geographical locations (i.e. Hong Kong and 
Taiwan) which were characterized by much warmer climates than those in which the present 
case study facilities were located. However, the study of how outdoor climate affects the neutral 
temperatures of people goes beyond the scope of the present research. 
It should also be noted that the neutral temperature in the literature has been generally 
determined by linearly regressing the personal thermal state votes against the operative 
temperature (Fanger, 1970; Hwang and Chen, 2010). However, because the dependent variable 
is ordinal an ordinal regression model should be used instead. In the present study, results from 
both statistical models were compared and the neutral temperatures estimated with the linear 
model were approximately 0.2°C higher than the neutral temperatures determined using an 
ordinal model. 
7.3.3 Thermal Comfort Zones 
An ordinal logistic regression model was used to determine the thermal comfort zones for both 
groups of occupants. In the present study the minimum PPD from the regression curve for 
residents was 2% (operative temperature 22.6°C) and for non-residents was 4% (operative 
temperature 22.0°C) as shown in Figure 7-12. Similar results were previously obtained by 
Hwang and Cheng (2010) who determined that the minimum PPD for elders was 3% and it was 
lower than for non-elders. Furthermore, the minimum PPD for non-residents in the present 
Table 7-12 Neutral temperatures estimated for the elderly population. 
Author Location Participants 
Number of 
participants 
Estimated neutral 
temperature during the 
warm season 
Present study 
South-eastern New 
South Wales, 
Australia 
Residents of nursing 
homes  
322 
Linear regression = 22.9°C 
Ordinal model = 22.7°C 
Hwang and 
Cheng 
(2010) 
Taiwan 
Elderly people aged 60 
years and over living in 
their homes 
87 25.2°C 
Wong et al. 
(2009) 
Hong Kong 
Residents of nursing 
homes 
384 25.8°C 
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study (4%) was very similar to the minimum PPD = 5% calculated in ISO 7730 and ASHRAE 
55-2013 standards (ISO, 2005b; ANSI and ASHRAE, 2013a).  
Although in the present study residents were apparently more tolerant than non-residents to 
temperature variations, previous studies have shown that older people are among those who 
suffer the most when exposed to cold or hot temperatures (Worfolk, 2000; Conti et al., 2007; 
WHO, 2007; Fink et al., 2014; Loughnan, Carroll and Tapper, 2014). Thus, thermal comfort 
standards (ISO, 2012; ANSI and ASHRAE, 2013a) recommend that a narrow temperature range 
(90% acceptability, PPD = 10%) should be maintained when elderly people, and people with 
special requirements, are using an indoor space. While, the 80% acceptability temperature range 
(PPD = 20%) is recommended for other occupants. High or low environmental temperatures 
should also be avoided since ageing, dementia and pharmacological interventions have been 
found to be correlated with decreased sensitivity to temperature changes and may impair people 
behavioural and thermoregulatory responses (van Hoof, Kort, Hensen, et al., 2010; Van 
Someren, 2011).  
Table 7-13 summarises the results obtained in the present study, and compares them to the 
results obtained by previous researchers who have studied the thermal comfort requirements of 
elderly people and residents of nursing home. The table shows that the maximum temperature 
recommended by ISO 7730 for the general population (26°C) and by Wong for residents of 
nursing homes (26.3°C) did not differ significantly from the maximum temperature estimated in 
the present study (26.2°C). Whereas the lower threshold temperature estimated in the present 
study was significantly lower than those recommended by Hwang and Cheng (2010) and by ISO 
7730.  
Table 7-13 Comparison of thermal comfort zones estimated for residents and non-residents for 
PPD = 20% and PPD = 10%. 
PPD 
Acceptability 
limit 
Author Participant group 
Thermal 
comfort zone 
20% 80% 
Present study Residents 17.9 – 27.4°C 
Present study Non-residents 18.7 – 25.3°C 
Hwang and 
Cheng (2010) 
Elderly people aged 60 years and over 
living in their homes – summer 
23.2 – 27.1°C 
Elderly people aged 60 years and over 
living in their homes – winter 
20.5 – 25.9°C 
10% 90% 
Present study Residents 19.1 – 26.2°C 
Present study Non-residents 19.8 – 24.2°C 
ISO 7730 General population 20 – 26°C 
Wong et al. 
(2009) 
Residents of nursing homes - summer 25.6 – 26.3°C 
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As a consequence of this comparison, and because both ISO 7730 and the World Health 
Organization suggest that elderly people should not be exposed to temperatures lower than 20°C 
(WHO and UNEP, 1990), the present author concludes that a comfort band between 20.0°C and 
26.2°C it would appear to be appropriate and desirable for residents living in nursing homes. 
However, the way in which this is operationalised is not a trivial issue, particularly with respect 
to control of HVAC systems in different seasons. 
As a starting point one might adopt a strategy such that the temperature in winter in nursing 
homes is maintained at 21.5±1.5°C; while, the temperature in summer could be selected based 
on the room type, type of occupancy and availability of ceiling fans. In residents rooms which 
are equipped with ceiling fans, indoor temperature could be maintained at 24.5±1.5°C. While 
colder temperatures (e.g. 23±1.5°C) should be maintained in rooms used by staff members who 
are involved in more demanding tasks (i.e. nurses stations) to minimise the percentage of people 
who are dissatisfied with their thermal environment. Kosonen and Tan (2004) found that staff 
productivity significantly decrease as the indoor air temperature increased and they suggested 
that the maximum indoor dew point temperature should not exceed 25.5°C. Further research 
should be conducted to provide detailed guidance to nursing home facilities management teams 
as to the best way to maintain comfortable temperatures while maintaining good energy 
efficiency outcomes. 
It should also be noted that to ensure that occupants are thermally comfortable, not only indoor 
operative temperatures should be maintained in within the thermal comfort range suggested; 
while, temperature difference between rooms of the same facility should be minimised. For 
example, on the 26th of November 2015 the minimum and maximum operative temperatures 
recorded indoors were: a) 20.9°C (reception, air conditioner on) and b) 28.5°C (bedroom, no air 
conditioner). High operative temperature differences between rooms were recorded during the 
warm season in all those facilities where air conditioning units were only installed in common 
areas. As a result, 27 participants reported that thermal discomfort was caused by temperature 
differences between rooms.  
7.3.4 Applicability of the PMV Model 
Results presented in Section 7.2.6 showed that the PMV was positively correlated with personal 
thermal state data, however, for PMV = 0 the predicted personal thermal state vote for residents 
and non-residents was 0.369 and 0.763, respectively. In other words, when the personal thermal 
state vote was 0 the PMV was equal to -1.1 and -1.2 for residents and non-residents, 
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respectively. Hence, in general terms participants in this study were comfortable when their 
estimated PMV was negative. Similar results were previously obtained by Wong et al. (2009) 
who also found that nursing home residents were thermally neutral when PMV was negative. 
Wong et al. (2009) estimated that the average PMV of those residents who were thermally 
comfortable were -1.01, -1.04, -0.96, -.34 and -0.24 for the following age groups 25-50, 60-69, 
70-79, 80-89 and ≥ 90 years, respectively. In the present study, the beta coefficient for PMV 
(gradient of the linear equation) was lower than 1 meaning that for a unit increase in the PMV, 
the personal thermal state vote increase by 0.338 and 0.613 units for residents and non-
residents, respectively. In other words, participants were more tolerant of variations in their 
microclimate than predicted by the PMV model. Results of the regression analysis also showed 
that among participants who reported to be ‘neutral’ with the thermal environment (question 1), 
the PMV did not significantly varied as a function of the age group of the participants. Yang et 
al. (2016) also observed that the regression coefficient of the linear equation correlating PMV 
and personal thermal state was lower than 1 (B = 0.71). However, in contrast to the results of 
Wong et al. and of the present study, Yang et al. estimated that when PMV = 0 the personal 
thermal state vote of their nursing home residents was 0. 
7.3.5 Lighting, Noise and Ventilation 
Noise 
All the case study nursing homes were noisy environments. Table 7-10 and Figure 7-15 show 
that high sound levels were recorded across all facilities. Approximately 98% of the data 
collected exceeded the maximum values suggested by the Australian Standards. Previous 
literature has indicated that the types and variety of noise should be carefully controlled in 
nursing homes, since noise may negatively impact the wellbeing of residents. Noise can cause 
agitation, frustration and confusion in people with dementia (Cohen-Mansfield and Werner, 
1995; Joosse, 2012; Hayne and Fleming, 2014). In addition, high background noise may affect 
the comprehension of people with hearing impairments (van Hoof et al., 2008) and in 
institutional settings noise has been associated with poor quality of sleep (McCurry et al., 2000). 
Therefore, sources of noise should be identified and strategies should be implemented to reduce 
unwanted noise. In the present study, dining rooms were found to be the noisiest environments. 
Bringing residents to dining rooms immediately after the noisy process of serving the meal, and 
taking them out as soon as they are finished eating, could significantly reduce the noise 
exposure of residents (Joosse, 2011), providing such measures are operationally feasible. Staff 
members should also increase the awareness about how unnecessary conversation can 
162 
 
negatively contribute to background noise. Furthermore, acoustic insulation or relocation of 
equipment, and the use of sound-absorbing materials can considerably reduce noise levels (van 
Hoof, Kort, Duijnstee, et al., 2010).  
Lighting 
Results presented in Section 7.2.10 showed that residents were often living in environments that 
had low levels lighting/illumination. Similar results were previously obtained by Sinoo et al. 
(2011), who assessed the horizontal and vertical illuminance levels in seven nursing homes in 
the Netherlands. Sinoo et al. observed that 65% of their measurements in common rooms fell 
significantly below the 750 lx reference value, and in corridors 75% or more of the data 
collected fell significantly below the recommended 200 lx threshold, which was the 
recommended value for corridors under the European standard, EN 12464-1 (EN, 2011). De 
Lepeleire et al. (2007) also measured the horizontal light levels in eight nursing homes and 
concluded that the amount of both electric and natural light was not appropriate to fulfil the 
visual needs of the residents. De Lepeleire et al. concluded that because elderly people have 
higher needs than the general adult population the general lighting standards should be 
increased by 55% to meet the needs of residents in nursing homes. In the present study, despite 
the fact that all measurements were conducted between 9.00 and 17.00, a total of 37% of the 
measurements were below 180 lx, which is the illuminance recommended by the Australian 
standard to complete simple tasks. In ten locations (which were frequently occupied by residents 
and staff) the measured illuminance was found to be lower than 20 lx, the minimum illuminance 
required for people without visual impairments to move around safely (AS/NZS, 2009). 
Ensuring that adequate levels of light are provided in nursing homes would help residents to 
safely move around, to efficiently perform their tasks (i.e. reading and writing), to reduce the 
risk of falls  and to increase their levels of social interaction (De Lepeleire et al., 2007; Sinoo, 
van Hoof and Kort, 2011). Furthermore, lights play a central role in regulating biochemical 
process, behaviours (Cohen-Mansfield and Werner, 1995) and circadian rhythmicity (Sinoo, van 
Hoof and Kort, 2011).  
CO2  Concentrations 
Indoor air quality was determined by monitoring the local CO2 concentration while residents 
were completing the questionnaire. During the warm season lower levels of CO2 were 
monitored indoors than during the cold season, arguably because occupants opened windows to 
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ventilate their rooms with outdoor air. However, as previously described in Section 6.2 the 
present author observed that in some occasions this behaviour led to overheating of the building 
if windows were opened when outdoor temperatures were high. For example, at the Coniston 
facility on the 20th of February 2016 residents left their windows open despite the fact that the 
outdoor temperature reached 37.2°C, consequently temperatures as high as 31.6°C were 
recorded indoors. 
In the older case study facilities significantly higher levels of CO2 were recorded indoors than in 
newer ones. The main contributing factors were thought to be: i) higher occupancy levels per 
unit floor area in some rooms and lack of a centralized HVAC system which could ventilate the 
rooms with outdoor air. For example, approximately 50 people (residents, family and staff 
members) had their meals on a daily basis in the only dining room of the Warilla facility. The 
dining room floor area was approximately 134 m2 (2.7 m2/person) and was equipped with two 
split system air conditioners, which did not have the facility to supply outdoor air to the indoor 
space, as is usually the case with split systems. Consequently on the 30th of May 2016 at 
approximately 10:00 four participants were interviewed and the average CO2 concentration 
measured in the room was 1247 ppm (SD = 82 ppm).  
7.3.6 Limitations 
The main limitations of this present study were as follows. 
 Participants were not asked to complete the questionnaire while showering or bathing. 
Therefore, a thermal comfort zone for bathrooms was not determined. 
 The field study was conducted during daytime. More research is needed to investigate 
thermal requirements of residents at night-time. 
 Noise was measured using a sound level meter which recorded only the sound level in 
decibels. The location and intensity of the relevant noise sources were not able to be 
definitively identified as a function of time. 
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8 Conclusions 
The primary aim of this research project was to understand and quantify the impacts of IEQ 
factors in nursing homes, particularly indoor thermal comfort conditions, on perceptions and 
comfort of all building nursing home occupants, and on the agitated behaviours of residents 
with dementia. The study was unique in that it employed both qualitative and quantitative 
analyses to investigate: i) the performance of a number of Australian nursing homes; ii) the 
impact of thermal comfort conditions on agitated behaviours; and iii) how occupants of nursing 
homes perceive their indoor environment. While recognising the inherent limitations of the 
study, the author believes that the aim and objectives of the study were achieved.  
8.1 Literature Review 
The review of relevant literature presented in this thesis elucidated the needs and motivations 
for the present study, and identified significant knowledge gaps. In particular, it highlighted the 
fact that although the number of older people in the world, and the number of people living with 
dementia, are both rapidly increasing, we still do not have a clear understanding of how older 
adults, and people with dementia, perceive their indoor environment. Furthermore, little was 
previously known about how indoor environmental conditions affect agitated behaviours of 
people with dementia.  
Hence, in order to ensure that nursing homes provide high standards of care to residents and a 
comfortable working environment to staff members, the present author found that there was a 
compelling need to determine:  
a) the performance of a representative sample of accredited nursing homes in regards to 
IEQ;  
b) how occupants of nursing homes perceive their indoor environment; and  
c) the impacts that the thermal environment and IEQ conditions have on agitated 
behaviours of residents with dementia.  
In addition, the review of the literature identified that there was a need to develop a non-
intrusive methodology, combining engineering and health related techniques, to assess IEQ 
parameters and agitation in nursing homes.  
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8.2 Performance Evaluation of Case Study Facilities 
Six case study nursing homes were assessed in terms of the following factors: building 
characteristics; indoor air temperature and relative humidity; design quality of the dementia-
specific unit; lighting levels; sound levels; and perceptions of the indoor environment.  
It should be emphasised that these nursing homes varied significantly in terms of their age. 
Consequently, there would have been relatively limited knowledge available to the developers 
of the facilities built some time ago, and legislation applicable at the time of construction, to 
guide the design and construction of nursing homes suitable for residents with dementia. The 
level of knowledge and requirements in energy efficiency in such buildings has also changed 
markedly over the period of construction of this cohort of buildings. 
Data analysis of the temperature data collected for more than one year using more than 300 
temperature sensors in all case study facilities showed that in all the nursing homes occupants 
were exposed to temperatures which could potentially affect not only their behaviours but also 
their health and wellbeing. For example, in the bedrooms of one of the case study facilities 
indoor air temperatures above 26°C occurred for approximately 49% of the summer period. 
‘High’ indoor air temperatures were also measured in the medication rooms (used for the 
storage of drugs and medications) and nurses stations of the main case study facility, where for 
example during the summer months in 2015 air temperatures exceeded 25°C for more 82% of 
the time in the treatment room (in which various treatments or procedures requiring special 
equipment were performed).   
In the three older facilities the main causes of such significant temperature variations were 
thought to be due to the relatively poor thermal performance of the building envelope (e.g. wall, 
windows, floor and ceiling/roof), the absence of air conditioning systems in some areas, and the 
absence of an adequate control system, including the lack of local control of heating to 
individual rooms. 
Occupants were found to actively influence indoor air temperatures through their control of 
openable windows. For example, during warmer weather occupants sometimes opened windows 
to ventilate the building with outdoor air, but on some occasions this led to overheating if 
outdoors temperatures were high. Whilst in the three more recently constructed facilities, which 
were fully air-conditioned and where the HVAC units were capable of maintaining the desired 
indoor temperature set-points, the following issues were observed:  
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a) in some areas the temperature set-points were kept constant and not changed between 
winter and summer;  
b) air conditioners were left on at night-time or when the spaces were not occupied;  
c) during shoulder seasons some air conditioners, in communicating rooms, were set in 
opposite operation modes (i.e. cooling-heating) ;  
d) staff members sometimes adjusted set-point temperatures of the HVAC systems based 
on their own perceptions of thermal comfort, and they modified the indoor temperature 
set-point using a trial-and-error approach; and 
e) several residents had difficulties operating the split air conditioners in their rooms 
correctly.  
Results from the analysis of the sound and illuminance data measured in the main case study 
facility showed that the nursing home was poorly lit and noisy. Noise levels were measured in 
six locations in the dementia specific unit for a period of 11 months. Approximately 99% and 
98% of the data measured in the bedrooms and in the nurses station exceeded the recommended 
design values of 40 dB and 45 dB, respectively.  
Moreover bedrooms, bathrooms and corridors were not sufficiently well lit. Only 5% of the data 
collected in those spaces were above 160 lx, the minimum illuminance required to ensure that 
occupants can perform simple tasks.  
From the Environmental Audit Tool (EAT) audits conducted by the author during the present 
study, the two dementia-specific units in the newer nursing homes obtained high total EAT 
scores, suggesting that residents were living in a good environment which provided support to 
people with dementia and their caregivers, whilst the two older facilities obtained low total EAT 
scores, comparable to those obtained in non-purpose-built facilities. This implies that residents 
with dementia living in some of these facilities were not only exposed to thermally 
uncomfortable conditions for much of the time during the year, but also were living in an 
environment which could have been designed to a significantly higher standard to accommodate 
their needs.  
Results obtained from the building long-term thermal comfort evaluation survey showed that 
overall staff members who were working in newly constructed facilities were significantly more 
satisfied with indoor environmental quality than those who were working in older homes.  
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Finally field data collection also highlighted that some residents, especially those with dementia, 
may be distracted when multi-parameter logging devices are used to measure IEQ parameters in 
nursing homes. Hence, the use of unfamiliar equipment in nursing home settings should be 
minimised since this may lead to unanticipated and biased observations associated with negative 
reactions to the equipment by residents with dementia.  
8.3 Development of IEQ Cart 
A non-intrusive methodology to assess agitation and indoor environmental quality parameters 
(e.g. air temperature, air velocity, CO2 concentrations, etc.) was developed, combining health 
and engineering techniques. Results of the statistical analysis showed that the effect of the IEQ 
Cart on agitated behaviours of residents was negligible. The use a ‘walker’ as a support frame 
for the sensors and data logger proved to be an excellent solution since the walker not only 
‘camouflaged’ the scientific equipment, but it also provided a very good degree of mobility for 
the equipment and was able to maintain the sensor steady throughout a given measurement 
period. The IEQ Cart was also lightweight and could be easily transported in the boot of a 
relatively small car, residents could also use it to sit on, walk with or rest on if need be during 
the study.  
The IEQ Cart was used to determine both: i) the specific impact that indoor environmental 
factors have on agitated behaviours of residents with dementia; and ii) to determine how 
occupants of nursing homes perceive their indoor environment. During both these studies none 
of the participants showed any agitated behaviour which could have been directly attributable to 
the presence of the IEQ Cart in the room.  
The development of this non-intrusive tool to assess IEQ parameters in nursing homes was a 
crucial step in the study of the specific impact that IEQ factors have on the manifestation of 
agitated behaviours. The results of the data analysis showed that there was a significant 
correlation between the local PMV thermal comfort index and agitation. In particular, agitated 
behaviours significantly decreased when the PMV model estimated that the participant was 
‘slightly cool’ or ‘comfortable’, whereas, they significantly increased when exposed to ‘slightly 
warm’ or ‘cold’ thermal comfort conditions. Thus, the results showed that the thermal 
environment plays an important role in influencing agitated behaviours of people with dementia. 
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8.4 Indoor Air Temperature and Agitation 
To further investigate the role that the thermal environment plays as a non-pharmacological 
approach to the reduction of behavioural symptoms in people with dementia, a longitudinal 
prospective cohort study was conducted in one case study facility. The project aimed to 
determine the correlation (if any) between indoor air temperature and manifestation of agitated 
behaviours of residents with dementia living in a nursing home. Results showed that the 
exposure of residents to temperatures outside their comfort range did not only have a negative 
impact on their comfort but also negatively affected their agitated behaviours. The CMAI Total 
Frequency scores statistically significantly increased when residents were exposed to average 
indoor air temperatures that deviated significantly from 22.6°C, while the CMAI Overall 
Disruptiveness scores significantly increased when residents were exposed to average indoor air 
temperatures significantly higher and lower than 22.5°C. Manifestation of agitated behaviours 
was also statistically and significantly correlated with the number of hours that residents were 
exposed to temperatures higher than 26°C and lower than 20°C.  
Results contributed to a better understanding of the way in which the indoor thermal 
environment influences behavioural and psychological symptoms of people with dementia. 
Future research (e.g. an intervention study) is needed to determine if the provision of good 
thermal care may be classified as an effective non-pharmacological approach to the reduction of 
behavioural symptoms in people with dementia living in nursing homes. 
8.5 Perceptions of Thermal Comfort and Indoor Environmental Quality  
Unsatisfactory thermal comfort conditions were found to significantly increase the frequency 
and disruptiveness of agitated behaviours in residents with dementia. As a result a field study 
was then conducted to determine occupants’ perceptions of the thermal comfort and IEQ so as 
to determine a recommended temperature range that should be maintained in nursing homes to 
maximise the comfort of occupants.  
Results showed that clothing insulation and air velocity adjustment were two behavioural 
adjustments widely employed by participants to compensate for unsatisfactory microclimatic 
conditions. However, residents (regression gradient = -0.0623 clo/°C) tended to increase the 
insulation level of their clothes more than non-residents (regression gradient = -0.0364 clo/°C) 
when compensating for changes in indoor operative temperature, To.  
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Both estimated preferred and neutral temperatures for residents were higher than for non-
residents. For example, the neutral temperature for residents in summer (22.9°C) was 0.9°C 
higher than for non-residents (22.0°C).  Moreover, residents were found to be more tolerant to 
temperature variations than their counterparts. For a target level of Predicted Percentage of 
Dissatisfied (PPD) = 10%, the estimated comfort range for residents was found to be 19.1 – 
26.2°C and for non-residents 19.8 – 24.2°C. However, because both ISO 7730 and the World 
Health Organization suggest that elderly people should not be exposed to temperatures lower 
than 20°C (WHO and UNEP, 1990), the present author concluded that a comfort band between 
20.0°C and 26.2°C would appear to be more appropriate and desirable for residents living in 
nursing homes. Results also showed that the Predicted Mean Vote (PMV) index was not a 
precise predictor of the personal thermal state of both adults and older adults. In general terms 
results showed that participants were most comfortable when their estimated PMV was 
negative. Suggesting that they were comfortable when they were located in an environment 
estimated to be ‘slightly cold’ by the PMV index. 
The case study nursing homes were also relatively noisy environments and that many areas of 
the facilities were poorly lit. About 98% of the data collected during the field study exceeded 
the maximum values suggested by the Australian Standards. While 37% of the measurements 
were below 180 lx and in ten locations frequently occupied by residents and staff the measured 
illuminance was found to be lower than 20 lx, the minimum illuminance required for people to 
move around safely. 
This study provided quantitative evidence on IEQ conditions found in a number of nursing 
homes of various ages, and has considered how IEQ influences comfort of occupants and 
agitated behavioural symptoms of residents in nursing homes. Therefore, it has practical 
implications for the aged care sector. Nursing homes should be built and operated so as to focus 
on the needs of occupants and should provide appropriate IEQ conditions. Minimum thermal 
comfort and IEQ performance prerequisites in nursing homes should be developed and 
enforced, and National guidelines should be developed to help aged care providers better 
understand how to operate their buildings and ensure that nursing homes provide high standards 
of care to residents while providing a comfortable environment which enhances productivity 
and comfort of staff members. Staff members should also be trained in how to provide good 
thermal care, e.g. to maintain a comfortable indoor environment at all times, and to particularly 
help those residents who cannot carry out their own thermally adaptive strategies.  
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8.6 Recommendations for further research 
Some of the many ideas and recommendations that emerged during the course of this research 
are summarised below.  
 More research is needed to assess the performance of a larger sample of nursing homes 
of different types and in a range of different climatic conditions, to determine how 
existing accredited nursing homes across Australia are performing so as to help ensure 
that all residents receive an appropriate level of care. 
 This study has developed a methodology to determine the specific impact that IEQ 
factors (e.g. thermal comfort, acoustic and visual comfort) have on agitated behaviours 
of residents with dementia. More research involving a large sample selected from 
different nursing homes is needed to better understand how IEQ conditions affect 
agitated behaviours and other behavioural and psychological symptoms of people with 
dementia.  
 Additional research is needed to understand whether the PMV thermal comfort index, 
or a modified version of it, can be used to accurately predict the thermal perceptions of 
older adults and people with dementia. 
 More research is also needed to determine the optimal temperature range to be 
maintained in nursing homes as a function of climatic regions, occupant types, etc., and 
which types of technological solutions should be used in nursing homes to enhance 
thermal comfort conditions for all occupants. 
 Recommendations and guidelines should be developed to assist building designers and 
architects to better design nursing homes and to improve the understanding of aged care 
providers regarding how nursing homes should be operated to enhance thermal comfort 
and IEQ.  
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Appendix A – Box Plot and Violin Plot 
The Figure A-1 provides a graphical explanation of the various features of a generic boxplot. 
The boxplot was created using an array of normally distributed random numbers. 
 
Figure A-1 Graphical description of the features of a generic ‘Box plot’. 
The Figure A-2 provides a graphical explanation of the various features of a generic violin plot. 
The violin plot was created using an array of normally distributed random numbers. 
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Figure A-2 Graphical description of the features of a generic ‘Violin plot’. 
  
185 
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Appendix C - E15/235 Ethics Application 
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Appendix D - Environmental Audit Tool (EAT) 
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Appendix E - Summer Psychrometric Charts 
Figure E-3 Experimental data collected in the bedrooms in summer, between the 1st of 
December 2015 and the 29th of February 2016. The figures also show the thermal comfort zones 
as defined by ASHRAE 55-2013 standard for summer clothing (red) and winter clothing (blue), 
as well as the relative percentage of data collected on the warmer and cooler side of the  
summer comfort zone. 
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Appendix F - Winter Psychrometric Charts 
Figure F-4 Experimental data collected in the bedrooms in winter, between the 1st of June 2016 
and the 31th of August 2016. The figures also show the relative percentage of data collected on 
the warmer and cooler side of the winter comfort zone 
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Appendix G - CMAI 
ID Resident: _______________ ID Nurse: _______________ Date: _______________ 
COHEN-MANSFIELD AGITATION INVENTORY – DISRUPTIVE 
FREQUENCY 
1 = Never 
2 = Less than once a week 
3 = Once or twice a week 
4 = Several times a week 
5 = Once or twice a day 
6 = Several times a day 
7 = Several times an hour 
8 = Would have been occurred if not prevented 
9 = Don’t know 
DISRUPTIVENESS 
1 = Not at all 
2 = A little 
3 = Moderately 
4 = Very much 
5 = Extremely 
9 = Don’t know 
 
Please read each of the agitated behaviours, and circle the frequency and disruptiveness of each during the past two 
weeks. (Definition of disruptiveness: How disturbing it is to staff, other residents, or family members. If disruptive to 
anyone, rate the highest it is for those for which it disrupts.)  
 FREQUENCY DISRUPTIVENESS 
1. Pacing and aimless wandering 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
2. Inappropriate dressing or disrobing 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
3. Spitting (including while feeding) 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
4. Cursing or verbal aggression 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
5. Constant unwarranted request for attention or help 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
6. Repetitive sentences or questions 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
7. Hitting (including self) 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
8. Kicking 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
9. Grabbing onto people or things inappropriately 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
10. Pushing 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
11. Throwing things 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
12. Making strange noises 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
13. Screaming 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
14. Biting 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
15. Scratching 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
16. Trying to get to a different place 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
17. Intentional falling 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
18. Complaining 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
19. Negativism 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
20. Eating or drinking inappropriate substances 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
21. Hurting self or other 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
22. Handling things inappropriately 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
23. Hiding things 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
24. Hoarding things 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
25. Tearing things or destroying property 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
26. Performing repetitious mannerisms 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
27. Making verbal sexual advances 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
28. Making  physical  sexual  advances  or  exposing  genitals 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
29. General restlessness 1 2 3 4 5 6 7   8 9 1 2 3 4 5   9 
© Cohen-Mansfield, 1986. All rights reserved. 
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Appendix H - Point-in-time Questionnaire 
By completing this questionnaire, you will be helping the researchers to understand how 
occupants at residential care homes perceive thermal environment. All data collected will 
remain confidential. 
Please answer the questions based on how you FEEL AT THIS SPECIFIC TIME. Try not 
to be conditioned by how you normally feel inside this building. Please try to answer all 
the questions if possible. 
 
General Information: 
What is your age group?  
<25  26‐45  46‐65  66‐75  76‐85  86‐95  >95 
Your height _____________(cm)  
Your weight _____________ (kg) 
Point‐in‐time Questionnaire: 
Cross or circle only one appropriate box for each question: 
1. How do you feel at this precise moment? I am … 
Cold  Cool 
Slightly 
Cool 
Neither 
hot nor 
cold 
Slightly 
Warm 
Warm  Hot 
2. Do you find this ….? 
Comfortable 
Slightly 
Uncomfortable 
Uncomfortable 
Very 
Uncomfortable 
Extremely 
Uncomfortable 
3. At this precise moment, would you prefer to be…? 
Much 
cooler 
Cooler 
Slightly 
Cooler 
Without 
Change 
Slightly 
Warmer 
Warmer 
Much 
Warmer 
4. Taking into account your personal preference only, would you accept rather 
than reject this climatic environment?  
Yes  No 
5. Is the thermal environment, in your opinion …? 
Perfectly 
Bearable 
Moderately 
Bearable 
Fairly Difficult to 
Bear 
Moderately 
Unbearable 
Unbearable  
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6. How do you feel about the air flow at this precise moment? 
Excessively 
Still 
Too Still  Slightly Still Just Right 
Slightly 
Draughty 
Too 
Draughty 
Excessively 
Draughty 
7. How do you rate the ventilation of this environment at this precise moment? 
Very Stuffy  Too Stuffy 
Slightly 
Stuffy 
Just Right 
Slightly 
Ventilated 
Adequately 
Ventilated 
Very Well 
Ventilated 
8. At this moment, would you prefer …? 
Less Air Flow  No Change  More Air Flow 
9. At this moment, what do you feel about the humidity level? 
Excessively 
Dry 
Too Dry  Slightly Dry  Just Right 
Slightly 
Humid 
Too Humid 
Excessively 
Humid 
10. Which are the main sources of discomfort at this precise moment (tick, cross 
or write your responses in all the relevant boxes)? 
Humidity (□ high, □ low)  Air flow (□ high, □ low)  Direct Sunlight 
Operational Radiator 
Operational Air 
Conditioner 
Fan (□ on / □ off)  
Draught from (□ window □ air condi oning unit □ vents)  Clothing 
This area is colder/hotter than other areas  Bad temperature setting 
Hot/cold surfaces (______________)/Heat emitted from 
equipment 
Other ____________________ 
11. How do you rate the light quality (both natural and electric) at this precise 
moment? 
Excessively 
Dark 
Too Dark 
Slightly 
Dark 
Just Right 
Slightly 
Bright 
Too Bright 
Excessively 
Bright 
12. How do you rate the acoustic comfort at this precise moment? 
Excessively 
Quite 
Too Quite 
Slightly 
Quite 
Just Right 
Slightly 
Noisy 
Too Noisy 
Excessively 
Noisy 
 
  
199 
 
Appendix I – Long-Term Evaluation Survey 
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Appendix J – Computer Code for Calculation of PMV-PPD 
%   The inputs parameters are:  
%   clo  clothing insulation [clo] 
%   met  metabolic rate [met] 
%   wme  mechanical power [met] 
%   ta   air temperature [°C] 
%   tr   mean radiant temperature [°C] 
%   var  relative air velocity [m/s] 
%   rh   relative humidity [%] 
 
fnps = exp(16.6536-4030.183/(ta+235)); %saturated vapour pressure kPa 
pa = rh*10*fnps;           %water vapour pressure Pa 
icl = 0.155*clo;           %thermal insulation of the clothing m^2K/W 
m = met*58.15;             %metabolic rate in W/m^2 
w = wme*58.15;             %external work in W/m^2 
mw = m-w;                  %internal heat production in the human body 
    if icl<0.078 
       fcl = 1+1.29*icl; 
    else 
       fcl = 1.05+.0645*icl; 
    end 
hcf=12.1*sqrt(vel);       %heat transfer coefficient by forced 
convection 
taa=ta+273;               %air temp in K 
tra=tr+273;               %mean radiant temp in K 
  
% calculation of the surface temperature by iteration 
tcla = taa+(35.5-ta)/(3.5*(6.45*icl+0.1)); 
p1 = icl*fcl; 
p2 = p1*3.96; 
p3 = p1*100; 
p4 = p1*taa; 
p5 = 308.7-0.028*mw+p2*(tra/100)^4; 
xn = tcla/100; 
xf = 0; 
n = 0; 
eps = 0.00015; 
xf = (xf+xn)/2; 
while abs(xn-xf)>eps 
        hcn = 2.38*(abs(100*xf-taa))^(0.25); 
        if hcf > hcn 
            hc = hcf; 
        else  
            hc = hcn; 
        end     
        xn = (p5+p4*hc-p2*xf^4)/(100+p3*hc); 
        n = n+1; 
        if n>150 
            disp('error too many operation') 
        end 
        xf = (xf+xn)/2; 
end 
n; 
tcl = 100*xn-273;       % surface temperature of the clothing 
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%heat loss component of the clothing 
hl1 = 3.05*0.001*(5733-6.99*mw-pa); 
    if mw>58.15 
        hl2=0.42*(mw-58.15); 
    else 
        hl2=0;                      %heat loss by sweating 
    end 
hl3 = 1.7*0.00001*m*(5867-pa);      %latent respiration heat loss 
hl4 = 0.0014*m*(34-ta);             %dry respiration heat loss 
hl5 = 3.96*fcl*(xn^4-(tra/100)^4);  %heat loss by radiation 
hl6 = fcl*hc*(tcl-ta);              %heat loss by convection 
  
%PMV and PPD 
ts = 0.303*exp(-0.036*m)+0.028;      %thermal sensation trans 
coefficient 
PMV = ts*(mw-hl1-hl2-hl3-hl4-hl5-hl6)   %predicted mean vote 
PPD = 100-95*exp(-0.03353*PMV^4-0.2179*PMV^2) %predicted percentage 
diss. 
end 
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Appendix K – Metabolic Rates and Garment insulation 
 
Table K-2 Thermal insulation values for chairs and bedding (ISO, 2005a; Lin and Deng, 2008) 
Participant’s position Type Iclo (clo) 
Sitting 
Net/Metal chair 
Wooden stool 
Standard office chair 
Executive chair 
0.00 
0.01 
0.10 
0.15 
Reclining 
Bed covered with bed sheet 
Bed covered with light blanket 
Bed covered with heavy blanket 
Bed without being covered 
1.45 
1.69 
1.90 
0.98 
 
Table K-1 Metabolic rates for typical tasks (ISO, 2005b; ANSI and ASHRAE, 2013a) 
Description Activity W*m2 Duration in minutes 
Sleeping 40  
Reclining 46  
At rest, sitting/Reading 55  
Sedentary activity 70  
At rest, standing 70  
Standing light activity 95  
Standing medium activity (domestic work) 115-200  
Walking on level ground, 
even path: 
0.55 m/s – 2 km/h 110  
0.83 m/s – 3 km/h 140  
1.11 m/s – 4 km/h 165  
1.38 m/s – 5 km/h 200  
1.11 m/s with load 10 kg 185  
Writing 60  
Typing 65  
Fling, seated 70  
Filing, standing 80  
Walking about 100  
Lifting Packing 120  
Cooking 95-115  
Other:_____________________________________  
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Table K-3 Thermal insulation for garments (ISO, 2005a) 
Garment type Garment Iclo (clo) 
Underwear 
Panties/Underwear 
Underpants with long legs 
Singlet 
T-shirt 
Shirt with long sleeves 
Panties and Bra 
0.03  
0.10  
0.04  
0.09  
0.12  
0.03 
Shirts/Blouses 
Short sleeves 
Light-weight, long sleeves 
Normal, long sleeves 
Flannel shirt, long sleeves 
Light-weight blouse, long sleeves 
0.15  
0.20  
0.25  
0.30  
0.15 
Trousers 
Shorts 
Light-weight 
Normal  
Flannel 
0.06  
0.20  
0.25  
0.28 
Dresses/Skirts 
Light skirts (summer) 
Heavy skirt (winter) 
Light dress, short sleeves 
Winter dress, long sleeves 
Boiler suit 
0.15 
0.25 
0.20 
0.40 
0.55 
Sweaters 
Sleeveless vest 
This sweater 
Sweater 
Thick sweater 
0.12 
0.20 
0.28 
0.35 
Jacket 
Light, summer jacket 
Jacket 
Smock 
0.25 
0.35 
0.30 
High-insulated, fibre-pelt 
Boiler suit 
Trousers 
Jacket 
Vest 
0.90 
0.35 
0.40 
0.20 
Outdoor clothing 
Coat 
Down jacket 
Parka 
Fibre-pelt overalls 
0.60 
0.55 
0.70 
0.55 
Sundries 
Socks 
Thick, ankle socks 
Thick, long socks 
Nylon stockings 
Shoes (thin soled) 
Shoes (thick soled) 
Boots 
Gloves 
0.02 
0.05 
0.10 
0.03 
0.02 
0.04 
0.10 
0.05 
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Appendix L – Floor Plans Case Study Facilities 
 
Figure L-1 Floor plan nursing home in Albion Park Rail. Locations of the iButtons are marked 
using red stars. 
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Figure L-2 Floor plan nursing home in Bundanoon. Locations of the iButtons are marked using 
red stars. 
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Figure L-3 Floor plan nursing home in Coniston. Locations of the iButtons are marked using 
red stars. 
 
Figure L-4 Floor plan nursing home in Mount Warrigal. Locations of the iButtons are marked 
using red stars. 
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Figure L-5 Floor plan nursing home in Goulburn. Locations of the iButtons are marked using 
red stars. 
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Figure L-6 Floor plan nursing home in Warilla. Locations of the iButtons are marked using red 
stars. 
